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CEGB heat transfer studies 
The Saturn analogue computer 
Beryllium conference 
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Essential reading 
for every modern engineer 


Brings you right up to date on Molybdenum Disulphide lubrication with ROCOL 
MOLYBDENISED LUBRICANTS. Brief, factual and complete—specially written 


and designed for fast reading. Contains over 60 actual case histories. 


WRITE TODAY FOR YOUR FREE COPY! 


Hace 
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COVER PICTURE 
Part of the heat exchanger rig 
at the Central Electricity Re- 
search Laboratories used to 
study heat transfer and pres- 
sure drop characteristics of 
tube banks in cross flow. 
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SPECIAL FEATURES 
The CEGB studies heat transfer 


Backed by considerable conventional plant experience, research was 
started in 1957 at the Central Electricity Research Laboratories to investi- 
gate nuclear plant behaviour. Mr J. A. Hitchcock and Mr J. Lis describe 
the work carried out on fuel elements and heat exchangers 

The High Flux Isotope Reactor 
Now under construction at Oak Ridge, this 100MWt beryllium reflected 
reactor is designed primarily to give research quantities of elements 
heavier than plutonium 

Calculating escape probabilities 
Escape probabilities are used at present to calculate fast fission factors. 
Mr E. W. Sidebotham describes an approximating method which saves 
computer time 

The Metallurgy of Beryllium Conference 


Seventy or more papers were read at this three-day Institute of Metals 
conference which attracted delegates from 15 countries. Mr. G. E. Darwin 
reports 


Fuel cycles for magnox reactors — 2 
Dr N. L, Franklin, Mr A. Johnson and Mr E. Clough discuss the types 
of fuel cycle now available for magnox reactors 


The Saturn analogue installation — 1 


In the first article Dr T. O. Jeffries and his colleagues give details of 
this large computing unit for nuclear studies and discuss design 
philosophy 


Annual index to volume 6, 1961 facing page 124 
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Amersham’s source range extended, leak determination, SW caesium-137 
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Digital computers aid reactor design, fission product disposal, useful 
atomic constants sourcebook, etc. 
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STRAIN & VIBRATION EQUIPMENT 


% PHILIPS PR.9300 Direct-Reading Strain Gauge Bridge for static or dynamic measure- 
ment using half-bridge circuits. #% PHILIPS PT.1210/29 Zero Adjustment Equipment 
and Automatic Switching Unit for Strain Gauges can be used on up to 10 measuring 
positions in conjunction with the Philips PT.1200 Strain Gauge Bridge. Output from the 
bridge can be read direct or taken to an oscilloscope or to a recorder. #%#%# PHILIPS 
PR.9252 Direct-Reading Vibration Meter. Battery operated, transistorized. In combina- 
tion with vibration transducer PR.9260 or PR.9261 forms a completely self-contained 
direct reading measuring system. 


PHILIPS 





PHILIPS 
fe 
MEASURING EQUIPMENT 


wc RESEARCH & CONTROL INSTRUMENTS LTD 


Instrument House, 207 King’s Cross Road, London, W.C.1 
TEL: TERminus 2877. ‘GRAMS: RACIL, KINCROSS 
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Vibration and strain are at work, unseen, 
everywhere...in machines, in buildings, in 
vehicles, in almost every piece of equip- 
ment, from the largest to the smallest. 
These hidden forces affect the efficiency, 
the life-span, sometimes even the safety, 
of everything in which they occur. To locate 
and measure vibration and strain, more and 
more companies are using Philips Strain 
Gauges and Vibration Meters. Please write 
for full details of the instruments available. 
all of which are thoroughly dependable. 


(RCLOOS5) 
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THE WHOLE 


RANGE OF 
FIBREGLASS 


FLEXIBLE 
INSULATION 


strip, wired mattress, sewn sheets 
for temperatures up to 1,000°F 


IS NOW MADE f 


Fibreglass CROWN—long fibres; complete 
freedom from shot and coarse fibres—has the 
lowest thermal conductivity available in this 
type of insulation with less than half the weight 
of competitive products. 

This in itself would offer decisive economic 
advantages ... But, at the same time, prices are 
reduced; on many sizes by as much as 24%. 





TWO OTHER DEVELOPMENTS 

Fibreglass flexible insulation is now available 
stitched to wire netting on one side only. (This 
form is intended specially for high tempera- 
ture applications). Wired mattress is available 
with expanded metal on one side. 


Full details from:— 


INSULATION SALES DEVELOPMENT DEPT. 
FIBREGLASS LTD., 8ST. HELENS, LANCS. 
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DUNGENESS 
TRAWSFYNYDD 


Doving 


LOW-PRESSURE 


WINDSCALE 

















Boving LOW-PRESSURE 
BUTTERFLY VALVES 


are being utilized in the Condenser 

Cooling Systems at Dungeness 

and Trawsfynydd and in the Advanced Gas 
Reactor at Windscale. Boving Butterfly 
valves are compact and drop-tight, 

sealed by automatic inflation. 

A high quality finish makes for consistent 
reliability free from jamming. 











VALVES SIZE 
SUPPLIED INCHES 

8 electrically operated 30 

8 54 

DUNGENESS 8 60 

4 ” ” 72 

4 hydraulically operated 72 

TRAWSFYNYDD " electrically operated rs 
WINDSCALE 2 electrically operated 














BOVING & CO LIMITED 


VILLIERS HOUSE 
41-47 STRAND LONDON W.C.2. 











P 6182 
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HYDROBORD-F 


FOR HIN K Ga FOINT 





Et YiDROBORD=F 
FOR FAST NEUTRON SHIELDING 


The 9 34” diameter annular sections being machined are 
part of the Hydrobord-F Shielding for the 56’ 0” high 
Hole Preparation Machine. 


CONTRACTORS 


THE ENGLISH ELECTRIC Hydrobord-F provides shielding against fast neutrons, 
BABCOCK & WILCOX a al . 

IND TAYLOR WooDROW Hydrobord-T against thermal neutrons and Hydrobord- 
{TOM POWERT wy 


FT against both as required. 


WZA7illiam Mallinson 
and Sons Xi.td. 


TIMBER AND VENEER MERCHANTS 


130 HACKNEY ROAD. LONDON - E.2 
Telephone: Shoreditch 7654 Telegrams: Almoner, London 


MANUFACTURERS OF PLYWOOD : ARMOURPLY « PANELS AND MEDINO PARTITIONING 
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simple! 
secure! 
speedy! 


... where a pipe coupling is needed, specify Simplifix for 
a perfect joint at a turn of a spanner. The Simplifix stan- 
dard range is extensive. Fittings are available for copper, 
nylon and many other types of tube as well as special 
fittings for vehicle braking and lubrication systems. A 
new range of gunmetal valves and large quantities of 
copper and nylon tube are held in stock. Our catalogue 
and technical advice will gladly be provided on request. 


SIMPLIFIX 


SIMPLIFIX COUPLINGS LTD - HARGRAVE RD - MAIDENHEAD - BERKS - MAIDENHEAD 5100 A MEMBER OF THE ALENCO GROUP OF COMPANIES 
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On the Development side at Richardsons Westgarth 
we work from principle, not precept, and 


use a conventional solution to a problem only 
as when we are sure it is the economic one. 
It is this outlook that has enabled us to provide 4 


new answers to many problems in 
_ mechanical engineering, from turbo-machinery 
. to sea-water distillation plant. 




















In the Aerodynamics Laboratory of the Richardsons Westgarth Group, 





an engineer tests an air flow model of the outlet diffuser and 

G volute assembly for a high-speed centrifugal compressor. 
These volutes and diffusers will be used on a number of gas turbo-compressors 
at present being manufactured for a well-known Oil Company. 


RICHARDSONS, WESTGARTH & CO. LTD. 


The Controlling Company of the Richardsons Westgarth Group, Wallsend, Northumberland and at 
58 Victoria Street, London, S.W.1. 59 Mosley Street, Manchester. 75 Buchanan Street, Glasgow. 


PETES 


— 
3 


ERs Ri AOTC NS 


RW86A 
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For nuclear observation 


* Panoramic mirror sighting instruments 


& Periscopes 


° Endoscopes 


* Observation glasses 


OPL-BRACHET 


For observation of radioactive samples 


> Telemicroscope 


eR. 






oo wee 


SAINT, GOBAIN 
nuUCIESIre 


23 bd G. Clemenceau-Courbevoie (Seine) France 
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Heat transfer Fluid flow and other kindred problems involved in 
the utilisation of heat derived from nuclear fission are being solved by 
the exceptional engineering capacity and research resources of the 
world-wide Foster Wheeler organisation. DEVELOPMENT, DESIGN AND 
ENGINEERING OF COMPLETE REACTOR COOLANT CIRCUITRY including 
pressure vessels, steam generators, heat exchange equipment, piping 
and auxiliary items. 


FOSTER WHEELER LIMITED 


FOSTER WHEELER HOUSE, CHAPEL STREET, LONDON NW1. Telephone: PADdington 1221 
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starting something? 


starting something? . . . like a project where you 

could use progressive Design facilities . . . or, where, without capital expenditure 
you could supplement your own resources with additional 

Production of a specialised nature. 


Perhaps it’s a job for The Pickering Group of Companies. 

For here the traditional engineering skills of almost a hundred years 

of history, are merged with the advanced techniques of the Twentieth Century 
techniques in the application of High Vacuum principles to Industrial problems 
the provision of Complete Off-Shore Oil Drilling Equipment—the production of 
Metal Evaporation Units—the fabrication of Engine Bedplates, Gearboxes, 
Cranes and Tanks—and the building of High Vacuum Chambers for 

Metal Coating, Decorative Finishes and Optical Blooming. 

Even in the High Vacuum aspects of Space Research, The Pickering Group 
has something to offer! 

On a contract or sub-contract basis, The Pickering Group of Companies is 
daily providing a valuable service to many diversified industries 

A Technical Consultant Service is available and your enquiries are invited. 








CONTROLLED ATMOSPHERIC WELDING 
EQUIPMENT 


GAUGE UNITS 
VALVES AND OTHER ACCESSORIES 


MASS SPECTROMETER LEAK 
DETECTORS 











THE PICKERING GROUP OF GOMPANIES 


R. Y. PICKERING & CO. LTD. 


VACUUM INDUSTRIAL 


PICKERING DANIEL VARNEY LTD. 


GROUP OF COMPANIES 


Saree 





APPLICATIONS LTD. 


WOODFIELD PICKERING LTD. 


Steel Fabrications - Stern Frames - Engine Bedplates - Gear- 
boxes - Crane Structures - Tank Work - Equipment for the 
Vil Industry. 


Melting and Sintering Furnaces 
Vacuum Casting Plant - Control 


High Vacuum Equipment - 
Metal Evaporation Units - 
Equipment, etc., etc. 


Scientific Instruments 


Complete Off-shore Oil Drilling Equipment 


NETHERTON ROAD - WISHAW - LANARKSHIRE - SCOTLAND 


TELEPHONE: WISHAW 2142 
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TELEGRAMS: PICKERING, WISHAW 
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Sections of a “Jason” reactor machined by Powell Duffryn 
Carbon Products Ltd. 





GRAPHITE 
MACHINING 


Powell Duffryn Carbon 


Products Limited — 


the leading machinists 
of Nuclear Graphite. 


Official Graphite machinists for the 
General Electric Co. Ltd. Current 
contracts cover important work at: 
Hunterston, Berkeley, Bradwell; also 
U.K. Atomic Energy Authority. 


A 4 
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NS 
hea 


POWELL DUFFRYN CARBON PRODUCTS LTD 
NUCLEAR GRAPHITE DIVISION 
Hayes, Middiesex. Telephone Hayes 3994 





















Spraying units, using ‘Durapipe’ K, on the Ford asssembly 
line at Dagenham. These units wash the car bodies before painting. 
























7 


af rn i Sad 


‘Kralastic’ keeps the 
water clean for Fords 


To keep demineralised water free from 
contamination the Ford Motor Co. at Dagenham 
utilized ‘Durapipe’ K for piping the water 

from the demineralisation plant to the 
assembly line. ‘Durapipe’ K is made from 
‘Kralastic’ A.B.S. copolymer. It cannot 
contaminate the water, will not corrode and, in 
addition, is light in weight, rigid and extremely 
tough. If you would like more information about 
the ‘Kralastic’ range of A.B.S. copolymers and 
the Technical Service provided by I.C.I., your 
nearest I.C.I. Sales Office will be glad to help you. 


| 





ge ‘Durapipe’ K made from ‘ Kralastic’ A.B.S. copolymer by 
E Durapipe and Fittings Ltd., West Drayton, installed with the 

Demineralisation Plant supplied and engineered by Permutit Co. 
Ltd., Chiswick, at the Ford Motor Co. Ltd., Dagenham. 


KRALASTIC 





* Kralastic’ is the registered trade mark for the acrylonitrile buta- 
D diene styrene copolymers supplied in the U.K. by I.C.J. by agree- 
: ment with the manufacturers, the United States Rubber Co. 
PK2 


IMPERIAL CHEMICAL INDUSTRIES Limite Dd LONDON - 2. es 
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For that 
special job ! 





‘SL’ Desk Type 
Cases 





SPECIFY 


IDy-hnehee! 





Designed to perform their function most efficiently, Datum 


C A we bE fy standard instrument cases also present a trim, 


businesslike appearance. Give your equipment that 


immediate appeal which brings quick sales. 


‘LS’ Cases 


*SS’ Cases 


Fabricated from the finest quality zinc-coated steel. 
Engineered for maximum strength-to-weight ratio. 
Complete interchangeability ensured by special tooling. 


Wide choice of panels, chassis and handles. 


*¥ + &€ €& 


Completely versatile air control arrangements. 








/ LT; CABINETS - CASES - CONSOLES - CHASSIS UNITS 


=== DATUM METAL PRODUCTS LTD, | ‘ict W203225. 


COLNE WAY TRADING ESTATE - WATFORD-BY-PASS - WATFORD - HERTS 


he 





y 
e 


RE PUSS 
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EQUIPPED FOR 
DEVELOPMENT ... 


At the new factory of the BELLOWS DIVISION of 
TEDDINGTON AIRCRAFT CONTROLS LIMITED 
we installed the most up-to-date machinery for the 
manufacture and testing of Bellows Expansion Joints to 


meet the requirements of industry. 


Where problems of expansion and contraction occur due 
to thermal changes in ducts or pipelines, Teddington is 
fully equipped to manufacture and test joints in stainless 


steel, inconel, nimonic steels, and most other metals. 


Used in nuclear installations, marine. and shipbuilding 
industries, electricity generating stations, the aircraft 
industry, Teddington is there—solving the problems of 


thermal expansion and contraction. 


Perhaps they have the answer to your specific problem? 





THE BELLOWS DIVISION 
TEDDINGTON AIRCRAFT CONTROLS LIMITED 
TEILO WORKS «= PONTARDULAIS «= SWANSEA 
és Telephone: Pontardulais 591 


RTS 


RS: ulrenruszus 
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We will be pieased to advise on any protection probiem which you 
may encounter and are able to supply consistently pure, void free 
lead in the form of shielding, bricks, fillings, isotope containers, and 


irradiated fuel element casks. 


Shield 
with 


ENTHOVEN 


Roe Sew LN 


Oe ae 


vias s A 


<e 


H*J* ENTHOVEN & SONS LIMITED 
Smelters at Rotherhithe, London and Darley Dale, Derbyshire, 150 years experience 
of smelting and refining non-ferrous metal!s. 

Head Office: Dominion Buildings, South Place, London, E.C.2 


Telephone: MONarch 0391 Grams: Enthoven Phone London 
Telex: 21457 
Contractors to the UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
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From Corby comes yet another impressive 
demonstration of the tremendous grip of 
Rawlbolts. Here, old concrete foundations 
had to be cleared for the installation of a new 
steel mill. They were burst with hydraulic 
cartridges, then trenched and drilled for 1%” 
diameter bolts, reduced and screwed to 
take K.20 Rawlbolt Shields. By this means 
removal was carried out in record time. 

We urc indebted to Stewarts & Lloyds, Ltd., of Corby, 


Northants, for the above information and permission 
to use their photograph, 


ve 


FIXED IN MINUTES 

Rawlbolts grip by erpansion. You drill the 
material, insert the Rawlbolt, tighten up. 
The job is ready to take its full load at once— 
no grouting in, no waiting for cement to 
harden. A Rawlbolt fixing is made in a frac- 
tion of the time taken by any other method. 
Sizes and types for every purpose. 


Write now 
for free technical literature for 
your reference files 


AER) FOR SPEED AND STRENGTH 


S THE RAWLPLUG CO. LTD: CROMWELL ROAD : LONDON :SW7 


RAW 
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“20,000 SERIES ” 


A NEW SINGLE SEAT 
CONTROL VALVE 
OF EXCEPTIONAL 































Considerably higher CV or flow capacity than orthodox 
single seat valves. 






















nae OD DS 


Maintains stable control under much higher 
differential pressure conditions. 


Re-designed body gives unrestricted flow passage. 


me 


Exceptionally heavy duty top guide. 





Wide range of equal percentage characteristic reduced 
trims for each body size. 





Improved soft seat construction available for 
drip-tight shut-off. 


= 
vr vvvTv VW 





Ee ] 





Full details gladly sent on 
request from: 

CROSBY VALVE & 
ENGINEERING CO. LTD. 








- 


2 


adsh) 


Crosby Works, Ealing Road, 
Alperton, Wembley, Middx. 


ALPerton 231] 





CHWR/CR/613 
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STEEL STOCKHOLDERS 


Large and varied stocks of steel held and delivered 
by road and rail to any part of the country. 

Make sure your name is included in our monthly 
stock list mailing. 


JAMES AUSTIN & SONS (DEWSBURY) LTD 


THORNHILL IRON & STEEL WORKS, DEWSBURY, YORKSHIRE 


Telephone: 1750 (5 lines) Telegrams: Austins, Dewsbury, Telex 55-129 
LONDON OFFICE: Kirkman House, 54a Tottenham Court Road, W.1. Telephone: MUSeum 1064 
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It’s quite an achievement for any nation 
to be able to claim a nuclear 

power station that’s 5 years old. 

MEL are particularly proud of 

the part they have played in helping 

to make Calder Hall generate such 
world-wide interest. 

In the early days MEL worked in 

close conjunction with the U.K.A.E.A. 
on the development of Magnox, 

and collaborative work continues on this 

and other series of magnesium canning alloys. 
They are destined to be extensively used 

in both present and future reactors 

of the Calder Hall type. 


MEL have also developed techniques 

for the separation of zirconium and hafnium 

and for the production of vanadium. 

They can supply :— 

Zirconium compounds with a hafnium content 

down to 100 p.p.m. 

Hafnium compounds with a zirconium content of 2%. 
High purity vanadium metal. 


Magnesium Elektron Limited 


Clifton Junction Manchester 
Swinton 2511 

London Office: 5 Charles II Street St. James’s SW1 
Trafalgar 1646 

Magnesium Elektron, Inc., New York 20, USA 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 


Bch eareeis ee 


> 
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No. 17 OF A SERIES BY ACCLES & POLLOCK 


This stator liner for an electric ee ae ee ee ee l Accles and Pollock produce 155 ; 


motor is made from an austenitic | different sizes of special tubular is 
seamless steel tube, size 2.360 in. sections for drilling and deep 4 
outside diameter and 2.336 in. | boring cutter holders. There are a 
inside diameter (i.e. 0.012 in. wall | two distinct types: (a) with defin- a 
thickness). Tolerances on mean | ed angle (left) and(b) withconcave | 
o/d and i/d are + 0.001 in. One radiused profile (right). | * 
end is domed, the opposite end | 
flanged. | ee 
| & 
Re 
‘ Pa 
Rue 








Double-finned stainless 
steel tube, size .434” +4 
.0015” bore x .033” body 
wall thickness. Fins each 
100” + .002” high and 
.031” wide. Overall length 
100”. Fins spirally twisted 
FA ra oe Ne te Ce 360° in 24”. 
















Designers have a habit of asking for the impossible, but in a 
surprising number of cases Accles & Pollock produce an answer 


that enables the production people to translate the concept on the Accles & 


drawing-board into a physical, functional form. Accles & Pollock P jal k 
welcome all such opportunities to co-operate in developing new O OC 
applications in the form of tubes and tubular sections. 


Technical Information Sheets discussing tubes and their applications are available on request. 








ACCLES & POLLOCK LIMITED OLDBURY BIRMINGHAM A COMPANY 


Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 
including stainless steel, and other metals. Tew 335 
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AVO INSTRUMENTS 


Made within the shadow of Big Ben, 
AVO instruments enjoy a reputation 
for reliability which, like the chimes 
of this famous Tower, reaches the 
farthest corners of the world. 


D.C. Amplifiers Moa mort 
Radiation Monitors 

Valve Volimeters 

Multi-range Testmeters 

Valve Testers 

and other electronic 


PTILIMITICACXIVITCOM TIT PRTTITO IT I 


— 


FAW AD ETD AVOCETHOUSE <« 92-96 VAUXHALL BRIDGE ROAD - LONDON’ - S.W.I 


Telephone: ViCtoria 3404 (12 lines) Cables: Avocet, Sowest, London 
A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 
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a pname that is always in the pnews... 
says Mr. SQUINCH 


is pnimble 


PNEUTOMATION 





t 


Wi e oa 
a mal // Al 


ang e car \ i) 
gaps. It’s the pnational pname for £00]; » 





Every factory pneeds 


PNEUTOMATION.@ It’s a 





pnecessity, helps to pnarrow trade- 





higher productivity. Don’t delay, 
y 


write to Lang Pneumatic PNOW. 3 Sh, ¥ <* — g “\s 
| HL 


Ye 














Photo by courtesy of Robert Hudson Ltd Q Wy 








Tipping gear for 25-ton mine ore car. 


a ” Lang Pneumatic Ltd 


(ASSOCIATED WITH DESOUTTER BROTHERS (HOLDINGS) LTD) 
VICTORY WORKS - OWEN ROAD - WOLVERHAMPTON .- Telephone: 25221-2-3 Telex 33193 
P6610 
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Why 

DRY LLU 
is in 

Power 











Energy means power, and nuclear energy means plentiful and cheap power with the aid of Beryllium the 
nuclear age metal. Because of its very low neutron absorbing characteristics, coupled with high specific 
strength and stiffness, Beryllium is used as a reflector and moderator and for structural components in 


the reactor core. For the high-temperature power reactors now under development, Beryllium has been chosen 
as the fuel element cladding material. 


Please write for further details or a copy of our booklet on Beryllium 
CONSOLIDATED BERYLLIUM LIMITED, 6 ST. JAMES’S SQUARE, 
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Automatic demineralisation plant with a 
capacity of four million pounds per hour 
to small package units for flows of 

one thousand pounds per hour. Units of 
all types are provided and a number of 
special ion-exchange processes are 
available for the treatment of water for 
particular industries. Additional processes 
have been developed also for treating 
trade effluents, the removal of colour, 
flavour, etc. 

Write for details or send us a note of your 
problem, for we have the research and 
engineering facilities to assist right at the 
very early stages. 


HEAD WRIGHTSON PROCESSES LTD 


20-24 OLD STREET., LONDON, E.C.1, AND THE FRIARAGE, YARM, YORKS 


ASSOCIATES IN SYDNEY, AUSTRALIA, CALCUTTA. INDIA, JOHANNESBURG, SOUTH AFRICA; HAMBURG, GERMANY 
MILAN. ITALY; PARIS, FRANCE; THE HAGUE, HOLLAND, AND MANY OTHER COUNTRIES 


s in the U.S.A. Belco Industrial Equipment Div. Inc., Patterson, New Jersey, U.S.A 
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MUREX “MURAFLUX S.1” 
Stainless steel submerged-are welding flux 


The new “‘Muraflux S.1”" granular flux has been specially 
developed for the automatic welding of stainless steel by the 
submerged-arc process. The flux is designed for the welding 
of 18/8 chromium-nickel steels and for use with Murex 
“Murawire S.W.1” or “‘“Murawire S.W.2” filler wires. 


This new Murex flux is suitable for either the single-pass 
or multi-pass submerged-arc welding of various joints in 
stainless steel in the flat position and welds of excellent 
appearance can be produced. A high radiographic 
standard can be obtained and the welds have good 
mechanical properties. High impact properties at low 


A complete 


service for 


temperatures can also be obtained, an important feature 
in fabrications for sub-zero service. 


When used with ‘“ Murawire S.W.2”’, the flux will 
produce a stabilised deposit and can therefore be 
used for applications of the 18/8 chromium-nickel 
steels such as fractionating columns, storage tanks, 
food vessels and pipe work where resistance to weld 
decay is essential. 


Full details of Murex ‘‘Muraflux S.1° submerged-arc 
welding flux will be supplied on request. 


automatic welding 





MUREX WELDING PROCESSES LIMITED, Waltham Cross, Herts. 
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Excellent Progress 

being made around the 
world on General Electric 
boiling water reactor 
projects 


North of Naples, Italy, on the Garigliano River, construction of the 
150,000kW nuclear power plant for SENN recently passed the halfway 
point. The General Electric design was selected by SENN for the 
nuclear power reactor after a seven-man international team of nuclear 
experts analyzed the reactor proposals made by nine groups. The 
evaluation showed that the G-E boiling water reactor, using enriched 
uranium fuel, would provide the lowest power costs of all reactor 
concepts, and the simplicity of the G-E BWR design would require 
the lowest possible capital investment. The plant allows for an 
increase of 50°, in kW output without major construction changes. 
On the other side of the globe, General Electric Japan, Ltd. is building 
a direct-cycle boiling water reactor for the 12,500kW(e) plant at Tokai 
Mura, Japan, for the Japanese Atomic Energy Research Institute 
(JAERI). This plant, designated JPDR, is expected to be the first 
nuclear power generating plant in the Far East and is presently 
on schedule. 

In the U.S.A. two more nuclear power stations, using the G-E BWR, 
are under construction and on schedule. One is located at Big 
Rock Point on Lake Michigan and the other at the Humboldt Bay 
Power Plant site near Eureka, California. 

Long identified as a leader in atomic development, G-E is engaged in 
a widely diversified programme of nuclear application. BWR plants 
are now being offered up to 500 megawatts, incorporating such 
advanced concepts as high-power density cores, pressure suppres- 
sion containment and internal steam separation. Other atomic 
products and services include reactor sub-systems, components, 
fuel, control and instrumentation, engineering studies, computer 
services, research, development and irradiation services. 

For further information write to International General Electric 
Company of New York Ltd., Lincoln House, 296-302 High Holborn, 
London, W.C.1, England or International General Electric Company, 
Dept. 30-20W, 159 Madison Avenue, New York 16, N.Y., U.S.A. 


*General Electric Company, U.S.A., is not connec- 
ted with the British Company of the same name. 


<The giant 160-foot containment sphere of the Garigliano 
Nuclear Power Station in Italy. The sphere, twice the size of St. 
Peter's dome, will house G-E dual-cycle boiling water reactor. 


Progress /s Our Most Important Product 


“th GENERAL @ ELECTRIC 
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SOHN OMITR 


whats up, there? 











JOHN SMITH (KEIGHLEY) LTD. 
P.O. BOX 21, THE CRANE WORKS, KEIGHLEY 
TEL: KEIGHLEY 5311 (4lines) GRAMS: Cranes, 

Keighley 


London Office: Buckingham House, 19/2! Palace St. Westminster, 
London S.W.! Tel: Tate Gallery 0377/8 

Southern Counties Office: Brettenham House, Lancaster Place, Strand, 
London W.C.2 Tel: Temple Bar 1515 


Scotland : 18/24 Fore Street, Scotstoun, Glasgow W.4 
Tel : Scotstoun 6355/6/7 





pe 


OVERHEAD 
CRANES 


of course / 


Don't be all up in the air with your lifting 
problems, let John Smith Overhead Crane 
handle them. 
CONSULT John Smith, specialists in the making 
of overhead cranes for any situation. 

Technical Staff will give advice, without 
obligation, on any lifting problem. 


Circle No 30 on reply card for further details NUCLEAR POWER December 1961 

















Plessiflex—the tough, flexible fireproof hosing. In aeronautical, nuclear, marine and 
industrial engineering, Plessiflex has proved its complete reliability. Under normal 


working conditions—as well as those of extreme temperature, pressure and vibration— 





Plessiflex is the answer for the safe conveyance of any liquid or gas. 
Plessiflex is extremely durable and since there are no seals to perish or dry out, it can be 
: stored indefinitely. Plessiflex is manufactured in a variety of metals to suit the physical 
) ' and chemical requirements of particular applications. A wide range of sizes is available 
and it can be tailored to almost any design. 
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Write or ‘phone for comprehensive details and applications of / PLESSIFLEX | 


— the Power Auxiliaries Engineering Service will be pleased to assist you with any hose problem. 


POWER AUXILIARIES LIMITED 


KEMBREY STREET - SWINDON - WILTS - TELEPHONE: SWINDON 6211 


Overseas Sales Organisation: 
Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 


ONE OF THE GROUP OF COMPANIES 


@ Pat is 
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Butterfly Valves, particularly large units 
to order, have for long been a Glenfield 
specialty. Over the years, many have 
been produced, covering a great variety 
of sizes and a wide range of working 
pressures, for service in numerous kinds 
of installations including Pumping Plants. 


The examples illustrated are 45in. dia. 
oil-pump-controlled automatic self-acting 
units designed for service in the circu- 
lating water pump delivery branches of a 
thermal power station in South Africa. 


en ie 


eos) «Head Office and Works: KILMARNOCK . SCOTLAND 
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NUCLEAR HEALTH 
PROTECTION BY 


The EMI range of Nuclear Health 
devices covers a variety of highly 
efficient monitors and probes. 
Please tick below items about which 
you would like further information 
and send this addressed reply-paid 
card to EMI Electronics Ltd. 


[_] Hand and Clothing Monitor Typel 

[] Portable Monitor Type pcm 

[[] Low Activity Sample Monitor sm1 
' [1] Probes 





HAND & CLOTHING MONITOR TYPE 1 
Screens three workers together, one for 
alpha and beta contamination of hands, 
two others for clothing and footwear. 
Gives complete alpha and beta hand 
count in five seconds. 

Automatic correction for background 
radiation. 

Audible and visible warnings. 


Audible warning if hands are removed 
before the end of count period. 


PORTABLE MONITOR TYPE PCM1 
Simultaneously monitors alpha and 
beta gamma contamination 

Combines all transistor circuitry with 
EMI dual-phosphor technique 
Audible and visible indication of 
contamination from 0-5000 counts sec 
Battery or Mains operated. 

Can also be used with other probes 
in the wide EMI range 


LOW ACTIVITY SAMPLE MONITOR 
TYPE SM1 
Complete portable counting system 


incorporating its own lead castle and 
end window geiger counter. 


Background: 20 counts per minute. 


Integrating time: 6 seconds approx. 











EM! ELECTRONICS LTD INSTRUMENT DIVISION 
HAYES MIDDX. TEL: HAYES 3888 EXT 2223 


No Postage 
Stamp necessary 
if posted in 
Great Britain 
or Northern 
Ireland 


Postage 
will be 
paid by 
Licensee 





BUSINESS REPLY CARD Licence No. SOX 64 











INSTRUMENT DIVISION DEPT ECS5 
EMI ELECTRONICS LTD 
HAYES MIDDLESEX 
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Neat 
exchange 


Worthingt 


Specialists in the Worthington- 

Simpson organisation deal with all 
problems of heat exchange. They 
have extensive experience in 
producing condensing plant for 
high vacua and feed systems 
operating at the highest pressures 
and temperatures. Complete 
systems are designed and 
manufactured, including auxiliary 
plant—condensers, air ejectors, feed 
heaters, evaporators, de-aerators, 
fuel oil heaters, water coolers— 
for both land and marine installations. 
Examples of this heat exchange 
equipment are illustrated in our 
brochure No. 5145 which we should 
be pleased to send on request. 





It pays to be Worthington-Simpsonwise 


Worthingtot 





PUMPS - COMPRESSOR 
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"= IMPAX - 


Regd. Trade Mark No. 719,268 





FOR SHAFTS ROTATING AT 
HIGH SPEEDS COUPLED WITH 
HIGH FLUID TEMPERATURES 

AND PRESSURES 


illustrated is a sectional view of 


a C.B.A. type seal with contact ring 


A new ‘Impax’ Seal Catalogue will be available 
shortly. May we reserve one for you? 
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TAKES SHAPE 


THE NUCLEAR POWER GROUP 


TINIE, eC RADBROKE HALL KNUTSFORD CHESHIRE 
Ss |} 
G 
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NEWALL’S 


COLD SWAGING PROCESS 
IN THE 


NUCLEAR FIELD.... 








A P Newall & Co Ltd have been pioneers in the manufacture of 
swaged studs and bolts. The firm was actually associated with 
early work in the atomic field when certain swaging operations 
were required in the planning of Harwell. 
One recent application of Newall’s cold swaging process was in 
the manufacture of high tensile steel bars up to approx. 42 
inches in length for use in the Bellows Restraint Mechanism 
illustrated (right). In this assembly, the considerable operating 
pressures are transmitted entirely by the tension bars, which had 
to possess the following qualities: 
(a) They had to provide a high degree of flexibility. 
(b) A uniform tensile strength of approx. 75 tons 
throughout their length was required. 
(c) They had to have a surface completely free from 
machining marks. 
These bars, after extensive experiments and tests, have been 
produced and incorporated in the mechanism. In use, they show 
“extremely high fatigue strength in the high deflection range’’. 

















Bellows Restraint Mechanism, designed 
by Richardsons, Westgarth & Co Ltd, 
for the Trawsfynydd Nuclear Power 
Station. 


A.P.NEWALL 


AND COMPANY LIMITED 
POSSILPARK - GLASGOW N.2 


Also at London and Birmingham 


A NEWALLASTIC PRODUCT 
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cheaper nuclear power 


SIZEWELL 
580,000 kW 


BRITAIN’S LATEST 
IUCLEAR POWER STATION 





site 
= 


ENGLISH BABCOCK TAYLOR 
ELECTRIC & WILCOX WOODROW 


The English Electric Company Limited, Babcock & Wilcox Limited, Taylor Woodrow Construction Limited, 
English Electric House, Strand, London, Babcock House, Euston Road, London, London. 
W.C.2. N.W.1. 


THE ENGLISH ELECTRIC, BABCOCK & WILCOX, TAYLOR WOODROW, ATOMIC POWER CONSTRUCTION COMPANY LIMITED 





GA 
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D20 Transfer stations 


Lockheed Avery a 


self-sealing couplings | 
and hoses 


At Harwell, Lockheed-Avery self-sealing couplings and hoses are 
used in a wide variety of important applications: some of these are 
shown on the right. 





Lockheed-Avery couplings are made in a range of materials from 
aluminium alloy to stainless steel, some for withstanding high tem- 
perature conditions. They are completely hermetically self-sealing 
when disconnected but automatically provide an uninterrupted 
flow when re-coupled. 


Our engineers, with a background of many years of experience in the 
design of coupling and hoses, are always ready to consider new 
problems and to make suitable recommendations. Leaflets giving 
details of self-sealing couplings and Lockheed-Avery flexible hoses 
will be sent on application. 


AVERY DIVISION, LOCKHEED PRECISION PRODUCTS LIMITED 
SHAW ROAD, SPEKE, LIVERPOOL 24, ENGLAND 
Telephone: Hunts Cross 212! Telex 62394 Telegrams: Lockheed Liverpool 24 Telex 


ONE OF THE 


AUTOMOTIVE REGD. TRADE MARK LOCKHEED 


=~ «4 
PRODUCTS ——_ | 
GRouP 
f DS el 
|. | 
OC Replacing cover to cou 
, f after purging thermal ¢ 
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‘Trilac’ dipping and 
vacuum cleaning department of the 
‘CLEAN CONDITIONS’ PLANT 


to co 
ermal ¢ 


A COMPREHENSIVE 


S & L, backed by a century of experience in the 
manipulation of pipework, has been associated for 
many years with power plant projects throughout 
the world. 


In addition to manufacturing steel tubes the 
Company undertakes the design, supply and erec- 
tion of complete pipework installations, including 
such ancillary equipment as supports, valves, 
pumps, tanks and lagging. 


When required, an efficient site testing service can 


PIPEWORK SERVICE 


be provided in which examination of welds is 
carried out by radiographic or ultrasonic methods. 


S & L have supplied steam installations for the high- 
est pressures and temperatures appertaining to 
power stations as well as large quantities of low and 
medium pressure pipework for all kinds of industrial 
plant. The Company also supplies special tubes for 
control rod standpipes in nuclear power plants, as 
shown in the illustrations, and undertakes the clean 
conditioning of nuclear components. 


PIPEWORK ENGINEERING DIVISION 


STEWARTS AND LLOYDS LIMITED 


Tubemakers for a Century 
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GLASGOW - 


BIRMINGHAM - LONDON 





POLLOCK & PEEL LTD. | 


82/86, SOUTH END, CROYDON, SURREY - CROYDON 3158/9) 
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COLMO 
Creep resisting steel 


THE MEN 
BEHIND 
NUCLEAR 
POWER 


Behind the atom today are men who 
demand steel for many of mankind’s most 
advanced projects. Since the inception 

of the Atomic Age, Colvilles have supplied these 
special steels. Dounreay, Chapelcross, 

and Dungeness... are just four of 

the many projects where Colvilles have 
served the world of nuclear power. 


COLCLAD 


Stainless, Nickel, ‘Monel’ 
and Inconel clad steel 


CORTEN 
High strength corrosion 
resisting steel 


COLTUF 
Notch tough steel 


DUCOL 
High strength weldable steel 


COLVILLES 


FITNESS FOR PURPOSE STEELS 
COLVILLES LIMITED 195 West George Street, Glasgow C.2. 
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Plessey 


Radiation Monitors 
and Detectors 


Growing acceptance of the radiation monitor and detector devices 





developed by Plessey Nucleonics Limited establishes their overall 
superiority. Indeed, the PNL instruments illustrated here offer 

















substantial improvements of robustness and convenience of Selective Gamma Monitor type 1080 
application over the type available hitherto Publication No. PNL 





PNL programmes for nucleonic development 
PNL is engaged in the design and manufacture of standard and specialised 
nuclear instrumentation—burst fuel element detectors for reactors, flux 
scanning equipment, radiation detectors of all types, process control 
\ instrumentation, health and defence instruments. 
The parallel production by PNL of so much that is complementary in 
nuclear instrumentation has established within the Company a unique 
bank of scientific skills and techniques, which is now offered for the 
development of new projects. The Company’s liaison engineers are 


freely available to assist with problems in their field. 





PLESSEY NUCLEONICS LIMITED - WEEDON ROAD + NORTHAMPTON 
Telephone: Northampton 4966 + One of the Plessey Group of Companies General Purpose Contamination Monitor type | 
Overseas Sales Organisation: Plessey International Limited + Iiford + Essex + Telephone: Ilford 3040 Publication No, PNL 
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Even if you buy as little as 30 tons of CO, a year, the 


nettles’: a eniiatiis cheapest way of buying it is in bulk—and the best storage 
Youneed no special found- : : eh 

atone, no ghnthe, se bol- container is |.C.I.’s 5-ton liquid CO, tank. You'll need only 
ing down—just a flat floor 

pee yy ade byw 6 or 7 deliveries a year, and the tank will pay for itself in a 
as a self-contained unit 

completewith chassis and, very short time. 

if —- can be easily 
moved, 


There’s no problem in installing |.C.I.’s 5-ton liquid CO, 
tank—in fact, it can be delivered one day and in use the 
next. And I.C.I.’s Technical Service staff will supervise its 


start-up. 





You'll find that for you, as for many other users, the 1.C.I. 


If ground-space is scarce, liquid CO, tank will mean extra profit. 


et LCs LIQUID GO. TANK 
_——gstazes MEANS TONS OF ECONOMY 


ting supply. 








Easy to maintain and ser- 
vice — all parts readily 
accessible; for instance, 
the contents gauge can be 
serviced without emptying 
the tank. 





4 If you'd like to discuss the economics of bulk delivery, or the installation 
=f of 1.C.1.’s tank at your works—or if you'd simply like to read 1.C.1.’s booklet 
r on liquid CO, in bulk, get in touch with Imperial Chemical Industries Ltd., 
London, S.W.1. 
DK.336 
r type | 
0. PNI NUCLEAR POWER December 1961 Circle No. 45 on reply card for further details 47 


card 
Is 








< ana nnhebee has, 


a 


nab shana> 


Se oetererres 








sani ie ni tren a ame 


LRRaiseeOaNeWAS GEDA aoe nn nn aoe nee 
SReer ever cercerrs 


ree 





= = = wan wha i 


accabinunbnhitegaty es 


Co ane 


























tae 


~—hbn <== A nnannth nash ana hann aon aban sectors, 
idetae ie Leow —~s 
+ | + 2 aap nedeSaliet nibh ninth aerpinn 2 ahah ine: 











Senne ome 


am malign aegis 4 




















NEW FEATURES INCLUDE: 


‘ABSOLUTE’ 
FILTERS 


Cy) approven pEsi@n 
TO U.K.A.E.A. REQUIREMENTS 


Vokes Series II Fire Resistant filters (part 

of the Vokes ‘Absolute’ range) are the latest 
safeguard in Nuclear Power applications 
involving very high temperatures or risk of 

fire. They operate at temperatures up to 1000°F 
and each filter is individually guaranteed 
99°99°% efficient (minimum) against a methylene 
blue dust cloud to British Standard Spec 2831 
and/or sodium chloride dust cloud test. 

These filters are manufactured from recorded 
material and serial numbered. A history of 
each filter is kept. 

A full range of Fire Resistant and 


Spark Arrester pre-filters is available 
for use with these filters. 


Extensively proof tested 
as follows: 


she)  € E ileave absolutely nothing to chance 
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Above all. 
the new 


CANNON HR 
Sarieas 


Also available are, of course, the regular ranges of Cannon 
connectors for operating at temperatures up to 350 F. Two 
aluminium versions, the CA ‘E’ (F65) series ME for multicore 
cables and the CA ‘E’ (F65) series CT for open wiring systems 
are currently in production. Write for Catalogues MSER 4 and 
MSIA 1 

If steel shells are required, the MS ‘K’' for normal applications 
and the CA ‘KE’ for environmental applications are available, 
both of which will withstand the MIL c 5015 firewall condition 
of maintaining electrical continuity for a period of 5 minutes at 
2000 F. whilst preventing the passage of flame for a period of 
20 minutes. Write for Catalogues MSK 1 and MSIA 1 

For any connector requirement, consult the world’s foremost 
name in this highly specialised field. 








You can rely on HR Cannon Plugs to protect 
against the most testing environment, whether it’s 
extreme heat, nuclear radiation or moisture 
formation. They're resistant to nuclear radiation 
exposure to the highest practicable levels in 
primary shield zones. 

HR (Heat Resistant) Plugs are the new MS style 
series specifically designed for high temperature 
applications. Two versions—one for continuous 
duty in temperatures up to 1000°F., the other up to 
650°F. at lower cost. Ball cone seals on mating 
surfaces make them moisture-proof. Available in 
a wide range of MS-type shell styles and sizes 
which can mate with standard MS connectors. 


Write for HR catalogue for full technical details 


CANNON FOR SAFETY 
(&) PLU G5 


CANNON ELECTRIC (Great Britain) LTD 


168/172 OLD STREET, LONDON, E.C.1 Tel. CLErkenwell 4954 
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New EKCO FUOroscopy Gauge 


Where the thickness of coating materials is so fine as to be THE WIDE RANGE 

beyond the minimum range of beta gauging, this new Ekco ee Se 
Fluoroscopy Gauge N683 provides accurate measurement * Tinplate steel base 

of static samples. It employs a combined scaler and timer, nee ar oe 

and either a proportional counter or a scintillation counter. SR Penne Or ee 
A small bremsstrahlung source such as tritium or 
Promethium is mounted in thecounter window and reflected 
radiation, which is proportional to the thickness of the 
coating, is counted; accuracies up to +1% can be achieved. 


* Silver halides in photographic 
materials 


* Printability of various papers 
* Paint films on metal base 


* Plastic films on various bases 


> Full details and literature will gladiy be supplied on request 
| electronics 
> 





EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA + ESSEX + TEL: SOUTHEND 49491 








é WPS %6% 
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Ship Propulsion 


SIR: I regret that in my letter of your 
July issue, for the sake of brevity | 
dealt so cavalierly with the General 
Dynamics Maritime Gas-Cooled Reactor, 
and | would welcome an opportunity to 
reply to Signor Giuseppe’s letter in 
your September issue, and to give you 
my reasons for doubting the value of 
the closed cycle gas turbine for merchant 
ship propulsion. 

| have no doubt that the General 
Atomics Division of General Dynamics, 
led by their inspiring President, Dr de 
Hoffmann, and with their tremendous 
facilities at La Jolla, will make a success 
of the Beryllia Moderated Helium 
Cooled Reactor. Little has been pub- 
lished on the tests of the gas turbines 
being carried out by Westinghouse, and 
there’s the rub. 

During some years in charge of the 
Naval Wing of the National Gas Turbine 
Establishment, I watched the develop- 
ment of open cycle gas turbines for the 
main propulsion of a Captain Class 
frigate H.M.S. * Hotham’, by English 
Electric, and for a fast gun-boat, H.M.S. 
“Grey Goose’ by Rolls-Royce. Shell 
had at the time one gas turbine by B.T.H. 
running in the * Auris’, which is now 
entirely gas turbine driven. None of 
these experiments has led to anything 
as far as I know. 

Nor have the larger gas turbines for 
shore power, e.g. the 10 MW set being 
built at the NGTE by C. A. Parsons, 
fulfilled great expectations; else marine 
versions of them might have been 
conceivable. Some of Westinghouse 
experience of industrial gas turbines may 
be applicable, but not much. 

The Royal Navy is now using simple 
open cycle gas turbines for the Bold 
and Brave fast coastal craft, and as 
boost engines for frigates. More com- 
plicated and more economical gas 
turbines with several spools, intercoolers 
ind regenerators are driving electric 
xzenerators quite well, but have not 
proved themselves for main propulsion. 

At the recent Farnborough Air Show 
everal gas turbines were displayed with 
proud notices to say ‘this engine has 
fone 2800 hours without overhaul’, 

it 120 days at sea means nothing to a 

erchant ship whose steam turbines 
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will run for two years between inspec- 
tions, and may run 20 years without 
overhaul. 

The closed cycle gas turbine has all 
the problems of the open cycle (except 
blade fouling) and in addition the 
system must be completely gas tight, to 
prevent the loss of helium and _ the 
possible escape of fission products. 
Manoeuvring without stalling compressor 
blades or surging compressors has 
proved far more difficult in complex gas 
turbines than the aero-dynamicists fore- 
told, and this has limited the rate of 
change of power. I await with interest 
the results of the Westinghouse manoeuv- 
ring trials. 

Signor Giuseppe is right that the best 
way to solve a problem is to try it in 
practice, and I am very glad that General 
Dynamics and Westinghouse are having 
a go at this one, though my admiration 
is tinged with envy at their having 
US AEC money to spend. This proposal 
seems to result in a packaged power 
plant, to which the engineers can do 
nothing at sea, and the system may 
prove to be a good answer for US ships 
where crew costs are so high that they 
need fully automated ships, manned on 
Riccardo’s principles, by a captain, three 
officers of the watch, a cook, a stewardess, 
and 4 charladies; all maintenance to be 
done in port. 

Gas turbines only offer higher efficien- 
cies than steam by using higher tempera- 
tures with attendant troubles from creep 
and fatigue and the use of exotic mate- 
rials. Much running of a high tempera- 
ture potentially radio-active and inacces- 
sible gas turbine must be done to prove 
that it is reliable enough for sea, whereas 
the steam turbine is fully proven. For 
British merchant ships I hope we develop 
a reactor which will supply superheated 
steam at the temperatures we are now 
well accustomed to use at sea. 

Thus development can be concentrated 
on the reactor and not delayed by having 
to develop a new type of main machinery 
and the engineers will not be confronted 
with entirely new sets of problems in 
their engines as well as in their * boilers ’. 

H. F. ATKINS 
CAPTAIN R.N. (RETIRED) 


Vickers Nuclear Engineering Ltd 
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Sizewell Turbine Blades 


SIR: It has been pointed out to me by 
our Rugby Works that whereas at the 
bottom of p. 79 (Sept. issue) it says quite 
correctly that the English Electric 
Company will be the first in the world 
to put 36 in last row turbine blades on 
100 in mean dia into service at 3000 
rev/min, in the index on page 3 under 
the heading ‘ Conventional Plant Design ° 
it is stated that the 325 MW turbine 
units will use 36 in last blades at 3000 
rev/min for the first time anywhere in 
the world. 

This is not correct, since the first 
turbine with these blades to go into 
commercial service will be the 275 MW 
‘ Blyth ‘B’ No. 1, to be commissioned 
in August next year. In addition to the 
Sizewell sets, incorporating 12 such 
wheels, there will be eight other turbines, 
incorporating 34 of them, in com- 
mission before the end of 1965. 

A. H. POWELL 
GROUP PRESS OFFICER 
English Electric. Babcock & Wilcox. 
Taylor Woodrow Atomic Power Group, 
English Electric House, 
London, WC2 


Bradwell Criticality 


SIR: May I elaborate further on my 
letter in the November issue? The first 
Bradwell reactor did not achieve criti- 
cality with 464 fuel channels loaded. 
The reactor was loaded with 470 channels 
to provide, with the control rods with- 
drawn, sufficient reactivity for a readily 
measurable doubling time. This well- 
known technique confirms by the demon- 
stration of measurable supercriticality 
the earlier subcritical estimate of the 
minimum size of assembly able to go 
critical when poisoned by air at a 
pressure of one atmosphere. 

Criticality could have been demon- 
strated at a loading of 464 channels with 
air at one atmosphere, or at smaller 
loading with reduced air pressure, but 
neither was attempted. 

B. LOVE 
Seamill, 


West Kilbride, Ayrshire 
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hotfoil 


FLAT-ELEMENT HEATING TAPES an indispensable aid to 


-INDUSTRIAL 
EFFICIENCY 


Whatever the industry, however large or small 


HVT 


HOOT HHANEHN 


the factory or workshop, productive efficiency 
can be increased by the use of HOTFOIL Flat 
Element Heating Tapes. 

Among their many applications are the following: 


Protecting water pipes and valves against frost. 


Heating pipelines containing chemicals, wax, bitu- 
men, paints, fats, chocolate, fuel oils or low melting- 
point metals. 


Maintaining the temperature of liquids in outdoor 
storage tanks. 

















Heating laboratory flasks and tubes. 


Curing adhesives. 


Heating road tankers. 


Boag @ 


Incorporation in fibreglass tanks and mouldings for 
the purpose of heating corrosive liquids. 


Heating the components of atomic loops and rigs. 


So whether your problem be guarding against a winter 
freeze-up or speeding the flow system in your plant, 
HOTFOIL can help you. 


ee ee mmr cee Ss re ee ee er 


Write today for illustrated technical brochure 


Please send a copy of Hotfoil Technical Brochure 
NAME 


CYPRUS WORKS, UPPER VILLIERS STREET ADDRESS 
WOLVERHAMPTON - TELEPHONE 26354 
A member of the Deritend Group of Companies 
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Nuclear-powered ships 


MAN VEN AMONG THOSE who support the recent govern- 
ment decision not to build a nuclear-powered ship at 
present, will feel that nothing has been gained by the long 
delay in making the announcement. The announcement 


itself does not surprise anybody by finding no justification 
on economic grounds for immediate construction. It is 
generally agreed that a nuclear-powered ship built now 
would be uncompetitive with a conventionally-powered 
vessel 

What is going to bring down the cost of nuclear- 
powered shipping? There are four factors involved here: 
1. general research and development; 2. experience in 
detailed design; 3. experience in construction; 4. ex- 
perience in operation. It is very significant that the word 
‘experience’ occurs in three out of the four. Would the 
capital cost of UK civil nuclear power stations have 
reached its present relatively low level (after a fall of 
over 30% from the first) if only one of them 
had been built? The answer to this question is obvious ; 
it has been found possible to save a considerable amount 
of money by refining design details, the consortia have 
become more expert in the actual organisation of con- 
struction, and Calder Hall experience has been invaluable. 
The real point of building a nuclear-powered ship now 
would be that this is a necessary step for bringing down 
capital costs. The last of our four points is of special 
importance in this case. All marine propulsion studies 
so far have been heavily over-designed in the interests of 
safety. Considerable economies could undoubtedly be 
made when operating experience is available. 

It should also be borne in mind that nuclear-powered 
ships of the future will not consist of more or less con- 
ventional vessels with a reactor lodged amidships. To 
reap the full benefits of nuclear power a completely fresh 
approach must be made to the design of the whole ship. 
Only experience will facilitate this. Paper studies on the 
number and duties of crew, for example, are likely to 
provide a fruitful source of amusement to sailors of the 
future. 

The government’s decision would of course be justi- 
fied if nuclear power were never to be successful for 
marine application, but few people believe this. Most 
of the world’s shipping in the future will undoubtedly be 
nuclear powered. By virtue of their enormous range if 
nothing else, these ships will create a new economic 
situation which will make present studies largely irrele- 
vant. Has the government opted out of a potentially 
rewarding industry, both for home and export? The fact 
that it promises a research and development programme 
(though actual figures have been tactfully avoided) seems 
to indicate that this is not the case. The recent decision 
must therefore be regarded as the one considered by the 
government as the most likely to advance Britain’s pros- 
pects in this sphere and must be criticized as such. 

When countries in the future need reactors or com- 
ponents for marine propulsion, will they not turn to the 
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industries with the most experience? On present form 
the United Kingdom will then be considered not only 
after the USA and Russia, but after Italy, Germany and 
Japan as well. To see the point of view of future buyers, 
it is only necessary to ask the question: would any- 
one in his right mind now order a land-based water 
reactor from the United Kingdom? Are we to wait until 
every reactor system has been developed by someone else 
before climbing lamely on to the band wagon? 


Britain’s Nuclear Society 


THE NUCLEAR ENGINEER and scientist in Britain is now to 
have his own professional society, the British Nuclear 
Energy Society. That it is reputable is demonstrated by 
the support being given by 13 well established professional 
bodies covering the entire nuclear energy field. The need 
to bring together the many disciplines that constitute 
nuclear science and technology into an established central 
forum has long been keenly felt. The existence of the 
loosely constituted British Nuclear Energy Conference, 
formed in 1955, has done little to satisfy this need. 
Whilst some meetings on nuclear energy have been spon- 
sored by the Conference, its activities have been principally 
devoted to the interchange of information and collecting 
together in a quarterly journal important papers already 
presented to the constituent societies. This effort has 
been relatively unimportant and has resulted in duplica- 
tion of publication. No doubt the societies themselves are 
to be blamed for not wishing to relinquish any part of 
their interests. With the formation of the BNES it is to 
be hoped that we will see an end to the scattered treat- 
ment of inter-related topics. 

It is interesting to see that the society’s scope extends 
to medicine, agriculture and other ancillary aspects of 
applied nuclear energy. Presumably it will also take in 
the important field of isotopes and their application. 
Exciting new activities are not expected in its first year 
of operation, 1962, but we look to the organizers to make 
a powerful impact on the nuclear energy scene just as the 
American Nuclear Society has since its formation in 1954. 
An organization of high repute should be able to co- 
operate both with the government and the two major 
public authorities, the UKAEA and the CEGB, on matters 
of significance. It could encourage research and establish 
scholarships. In particular, it should consider the needs 
of teaching establishments and students. Through its local 
sections the public could be educated. In the USA, the 
American Nuclear Society works closely with the Atomic 
Industrial Forum, and joint action on important issues 
has been effective. Might not the formation of the British 
Nuclear Energy Society present a welcome opportunity 
for the formation of a British Atomic Forum, a matter 
on which there has been much timidity? Representing 
industry, labour, education, finance, government and other 
factions, it could go far beyond the terms of references of 
the Nuclear Energy Trade Association’s Conference. 
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1. Multiple source irradiation unit type H4. 
2. Self-contained irradiation unit type T2. 





Irradiation Units 
by N.E.L 


SELF CONTAINED TYPE:— CELL TYPE:— 

| #* Low volume %# Table top or muiti source facility 
* Ease of specimen loading * Relatively unlimited specimen volume 
* Simplicity of operation * Simple change of source material 














Maximum capacities in excess cf 10,000 curies of Cobalt 60, 
dose rates in excess of 10° rads. per hour. 

Purchasers of this equipment include Tube Investments Research 
Laboratories Ltd.; Royal Military College of Science; Nottingham 
University; University of Jerusalem; Farbwerke Hoechst; Cologne 
University; University of the Saar, Homburg; Max-Planck Institute, 
Mitheim; International Atomic Agency, Vienna; Badische Anilin 
& Soda Fabrik. 


NUCLEAR ENGINEERING LIMITED 


Hucclecote, Gloucester, England. A UNIT OF WHITWORTH GLOSTER AIRCRAFT LTD. MEMBER OF HAWKER SIDDELEY AVIATION 
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EUROPE 


No nuclear ship yet says Marples 


London The expected decision by the 
British Government not to proceed with 
building a nuclear powered merchant ship 
at the present time was formally announced 
in the House of Commons early in Novem- 
ber by the Minister of Transport, Mr Ernest 
Marplcs. He made it clear that the reason for 
the decision was that nuclear propulsion 
did not offer sufficient economic promise at 
present. Instead, there would be a con- 
centration on research into producing an 
economic reactor. 

While the decision was one which did not 
cause surprise, it was not made clear why 
it had taken such a time to conclude that 
marine reactors were uneconomic at present 
—a factor known when tenders were invited 
in December 1959. These were invited by 
the Ministry of Transport on the recom- 
mendation of the Committee on the 
Application of Nuclear Power to Marine 
Purposes (NUMARCOM), a committee 
made up of representatives of shipbuilders, 
shipowners, the Atomic Energy Authority, 
Lloyd’s Register and departments from the 
Ministry. Five tenders were received for a 
complete propulsion unit incorporating 
either a boiling water or an organic mod- 
erated reactor suitable for installation in a 
tanker of 65,000 tons. Each unit was to te 
capable of developing 20,000 shaft horse- 


e Euratom OMR contract A contract for 
the design of the EssoR organic moderated 
reactor experiment is reported to have been 
awarded by Euratom to a consortium con- 
sisting of GAAA (Groupement Atomique 
Alsacienne Atlantique) and Interatom. The 
design is expected to becompleted by next year. 


* ENEA ship meeting Four projects were 
Studied at the recent ENEA meeting on 
nuclear ships—a Norwegian ore carrier, a 
Belgian ore carrie, a French oceangraphic 
research vessel and a NK _ nuclear tanker. 
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power, the power needed for conventional 
tankers of this size. The tenders came from 
Babcock & Wilcox, AEI-John Thompson, 
Mitchell-Fairfield-Combustion Engineering, 
English Electric and Hawker Siddeley 
Nuclear Power Company. 

In his reply to a Parliamentary question, 
Mr Marples said that the advice of the 
Committee on the Application of Nuclear 
Power to Marine Purposes and its technical 
committee ‘shows that while it would 
certainly be technically feasible to build a 
nuclear powered ship now, nuclear pro- 
pulsion for marine purposes does not offer 
sufficient economic promise to justify 
building a nuclear ship at the present time. 
The Government has therefore decided that 
the right course in present circumstances is to 
authorise a vigorous programme of research 
aimed at a reactor system which is economi- 
cally attractive to a wide range of shipping. 
The programme will be carried out by the 
AEA in conjunction with industry ’. 

According to AEA _ sources, the 
Authority’s Reactor Group will increase 
its efforts in the marine propulsion field 
and extend collaboration with industry. It 
is expected that this work will be concen- 
trated on heavy water moderated reactors 
though the AEA are not prepared yet to 
commit themselves publicly. 


e British Standard for Dosemeters A 
new British Standard, B.S.3395, lays down 
requirements for direct reading personal 
dosemeters for X- and gamma radiation. It 
is the first British Standard to be prepared 
under the authority of the newly-formed 
Nuclear Energy Industry Standards Commit- 
tee of the British Standards Institution. 


e{[Dutch Nuclear Council A Dutch 
Scientific Council for Nuclear Energy has been 
set up reports the Ministry of Education, Arts 
and Sciences. It will give advice on purely 
scientific matters on nuclear energy. 
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the month in atomic energy 





e German training reactor Siemens 
Schuckertwerke AG has plans to build a solid 
homogeneous training reactor designed as a 
prototype of a model to be offered for sale. 
It will be fuelled with powdered U,O, sus- 
pended in polythylene, have a_ graphite 
moderator and lead and water shielding. 
Commercial models of up to 10 watts will 
cost about $75,000. 


e Halden fuel elements AB Atomenergi 
of Sweden has made the final delivery of the 
second set of fuel elements for the Halden 
reactor in Norway. They consisted of zircalloy- 
encased uranium dioxide, enriched to 1-5% 
with uranium-235. 




































HINKLEY POINT GRAPHITE LAY- 
ING The interior of the No.1 reactor 
pressure vessel at the 500 MW Hink- 
ley Point nuclear power station, in 
which graphite laying has begun. A 
workman is standing on the diagrid 
which supports the graphite core, 
while above him are three of the 
CO, outlet ducts 
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IAEA meeting discusses new concepts 


Vienna New reactor concepts which would 
also justify the building of entirely new 
experimental reactors were discussed at an 
International Atomic Energy Agency sym- 
posium here recently. Nearly 200 delegates 
from 21 countries and two international 
organizations attended the discussions on 
power reactor experiments. 

The Soviet pr-5 reactor was discussed in, 
a paper presented by Professor Bonda- 
renko. It was noted that although original 
design expectations were that the plutonium 
oxide fuel would achieve a burn-up of 2%, 
5% had actually been achieved. He con- 
cluded that the three years of experience 
with this 5 MWt test reactor, which con- 
tinues to operate, appeared to confirm the 
possibility of building fast breeder power 
reactors on an industrial scale. 

Two papers were presented on Dutch 
investigations into aqueous homogeneous 
suspension reactors. Mr. J. J. Went said 
efforts on this type of reactor were con- 
tinuing because of the less urgent need for 
nuclear power in many countries, allowing 
time for fundamental research; the ulti- 
mate need for reactors which would have 
a high conversion ratio of fertile material 
into fissile material and the need to keep 


Power costs of RWE 


Bonn The two tenders for a large nuclear 
power station that the German _ utility 
RWE is considering have estimated power 
costs of between 3-8 and 4:2 pfennigs per 
kWh, Dr Mandel of the RWE board 
declared at the 12th UNIPEDE Congress 
in Baden-Baden. Some 120 delegates 
attended this meeting of producers and 
distributors of electricity. 

Dr Mandel indicated that the tenders for 
the station were for a 300 MW gas-cooled 
natural uranium reactor (English Electric/ 
Siemens Schuckertwerke) and a 240 MW 
boiling water plant (IGE/AEG). The cal- 
culated costs were based on current German 
practice including interest on building 
time and other ancillary costs but with an 
operating figure of 6500 hours annually 
(out of 8760), a load factor of 75%. 

These cost figures could lead to false 
conclusions if it was not remembered that 
they had not yet been proved anywhere in 
the world by long-term operating experi- 
ence. Consequently, due consideration had 
to be given to the risk that operating results 
might differ from paper cost. A provisional 
estimate by RWE put this risk at between 
150 and 200 million D-marks over the 
amortisation period of the plant (15-17 
years). This did not mean that a loss of 
this size or even part, would necessarily 
have to be incurred. 
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down fuel element fabrication and fuel 
reprocessing costs. Aqueous homogeneous 
suspension reactors seemed to fit in with 
these criteria. 


The first detailed public description of 
the French RAPSODIE project was given to 
the symposium by Mr C. P. Saleski. This 
fast, sodium-cooled reactor is to be built 
in the south of France; it will have a 
power rating of at least 10 MWt, will use 
plutonium and uranium 235 as fuel and 
will be used as a test reactor for the develop- 
ment of future fast reactors. Criticality is 
foreseen for 1964. 


Other types of reactor covered in the 
symposium included high temperature gas 
cooled reactors; molten salt reactors, 
steam cooled reactors and nuclear super- 
heat reactors. On this last concept, D. M. 
Imhoff of the US General Electric pointed 
out that successful development of nuclear 
superheat could cut nuclear-electric costs 
by as much as 4 mill (about 0-0428d) per 
kilowatt hour. This was based on the 
results of a three year economic study 
which compared a projected 300-500 MW 
superheated BwR with a BwR power plant 
of similar size using saturated steam. 


bids revealed 


Commenting on the figures put before the 
Congress by Dr Mandel, German sources 
said that if they proved to be accurate then 
it meant that a plant could now be built 
in Southern Germany which would com- 
petitive with an coal-fired station but not 
with an oil-fired one. 


Italians supply over 70% 
of Garigliano plant 


London Italian participation in the Gar g- 
liano (SENN) project is 70%. Following 1 1e 
publication in Nuclear Power last mor th 
(page 59), of an application for changes in 
their export licence, International Gene al 
Electric says that the principal reason } or 
the decrease in the originally estimat:d 
dollar amount of the US shipments (frcm 
£21,360,000 to £8,500,000) ‘is direc ly 
related to the heavy participation (es.i- 
mated at approximately 70°)’ by Italian 
industry in the supply of equipment and 
material for the 150 MW sBwk project. 
For instance, the turbo-generator aid 
condenser system is being supplied »y 
Ansaldo SpA. The report from IGE adds 
that at present, work is proceeding at a 
slightly better rate than required by the 
contract and it is fully expected that the 
contract completion date will be met. The 
export licence was extended to 1965 solely 
to permit settlement of contract obligations. 


First proposal for Euratom 
building programme 


Brussels The first proposal for the construc- 
tion of a nuclear power station under the 
second round invitation of the US-Eur- 
atom programme has been received from 
the Franco-Belgian company SENA. This 
concerns the 242MW pressurized water 
reactor to be built near Chooz. 

The second round invitation called for 
proposals for the construction of nuclear 
power plants which are to be brought into 
operation by December 31, 1965. 

The SENA_ proposal embodies an 
underground PwR for which a definitive 
contract was awarded to Westinghouse of 
the USA. 





STRESS RELIEV- 
ING DUNGE.- 
NESS BOILERS 
Claimed as_ the 
world’s largest fur- 
nace this 27 ft X 27 ft 
X 80 ft long electri- 
cally heated unit will 
be used for the 
complete stress re- 
lief of the 340-ton 
Dungeness boilers. 
Low capital cost, 
transportability, 
flexible size, and no 
scaling are among 
the advantages 
claimed for this 
novel furnace which 
is built of 8 ft X 8 ft 
mild steel panels 
filled with mineral 
wool slabs. It was 
designed for Head 
Wrightson, _Tees- 
dale, Ltd, by Cooper 
Electroheat Ltd 
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E...A experts make 


Pai sals on new fields for inter- 
na liaboration in advanced nuclear 
resc e to be submitted to the Euro- 
pea clear Energy Agency’s Steering 
Con at its meeting this month 
(Dec er). This follows a meeting of 
international top-level experts from 13 
European countries, the USA, Canada 
and Furatom convened by the ENEA. 

This group examined a number of 
proposals based on the suggestions in the 


report ‘ New Trends in Atomic Research 
and their International Significance’ by 
ENEA’s Scientific Adviser, Dr Lew Kow- 
arski. The proposals concerned reactor 
physics, direct conversion of nuclear to 
electrical energy, electronic computation 
and data processing, advanced types of 





research proposals 


reactor and very high flux reactors. In all 
these fields, the group agreed that inter- 
national action would accelerate research 
and development by bringing about a 
closer collaboration and by supplementing 
present national efforts. 

Specialist investigations might be ex- 
pected to lead to different actions in differ- 
ing fields; for example, for high flux 
reactors it might be expected that a new 
international joint project would even- 
tually be set up, perhaps within the frame- 
work of the national programme of the 
‘host ’ country, while in reactor physics, it 
was proposed that an international com- 
mittee, on the lines of the already existing 
European-American Nuclear Data Com- 
mittee, should be established. 


Professor F. Perrin, 
of the French CEA 
(extreme left), M 

. Huet, Director 
of ENEA, Dr. L. 
Kowarski_ scientific 
adviser, ENEA, and 
M E. Saeland, 
deputy director, 
ENEA, at the open- 
ing of the research 

meeting 





CERN should plan for 1970 


Geneva Plans for 1970 should now be 
made, Mr J. B. Adams, Director-General 
of the European Organization for Nuclear 
Research, says in his review of 1960. 
In CERN’s sixth annual report, he says 
the organization has been extraordinarily 
successful but the long term future * con- 
cerns me now ’. He adds: ‘ We should now 
in 1960 be making plans for 1970’. 

Mr Adams goes on to say that more land 
should be bought so that in 1970 CERN 
could have built a storage ring system 
which would allow experiments to be done 
with energies in the centre of mass system 


Euratom—Argentina 
agreement 


Brussels Exchange of information in nuclear 
research and development is provided in a 
treaty with Argentina, the draft of which has 
been approved by the Euratom Council of 
Ministers. The agreement is to last 20 years 
and is similar to that recently concluded 
with Brazil. Other provisions include the 
exchange of students and general technical 
Co-operation. 
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of 50 GeV. * If we do nothing now, Europe 
in 1970 will again be in third place with 
the Americans having a 100 or 300 GeV 
proton accelerator and a 30 GeV electron 
linac, and the Russians, a study group to 
look into accelerators with energies in the 
500-1000 GeV range, ‘states Mr Adams. 
There were two ways for CERN to go in 
the future. It could settle down with a fixed 
budget and fixed staff complement to use the 
facilities planned or it could decide to remain 
in the forefront of high-energy nuclear phy- 
sics and continue its development policy. 


e Australian-US exchange An informa- 
tion exchange on atomic energy was the 
subject of talks between Australian and 
American nuclear officials in Washington 
recently. Professor Baxter, Chairman of the 
Australian AEC, headed the Australian team 
and also visited the UK. He returned to 
Australia via Canada. 

e Dragon The reactor experiment is due to 
be completed on March 1, 1963, and the 
present agreement, concluded in 1959, ends in 
April, 1964. Arrangements are being envisaged 
for extending the existing agreement. 

e Nuclear ship meeting An_ Inter- 
national Maritime Rights Conference Com- 
mittee met in Vienna recently to prepare a 
convention on the responsibilities of nuclear 
ship owners. It will be presented at the IMR 
conference in Brussels on January 23, 1962. 
e Yugoslavian reactors The IAEA is to 
assist Yugoslavia to take over two training 
reactors provided by the USA. They will be 
installed at Belgrade and Zagreb Universities. 
e European energy co-operation Eur- 
atom and UNIPEDE, the European energy 
producers, have drawn up a new co-operation 
scheme. It covers joint studies on the costs 
involved in the building and operation of 
nuclear power stations. 

e Dounreay operations Tests are 
scheduled to begin soon at progressively 
higher levels of the Dounreay fast reactor. 
These will end in the spring of 1962 in opera- 
tions at about 20 MWt. 

e Euratom ship funds The Euratom 
Committee for Science and Technology has 
recommended to the Euratom Commission 
that it makes more funds available for ship 
propulsion reactors. 


Japan asks for agreement 
with Euratom 


Brussels Japan and Euratom may conclude 
a co-operation agreement by the summer of 
1962, according to informed sources here. 
This assumption is based on a release from 
Euratom which points out that Minister 
Miki, chairman of the Japanese Atomic 
Energy Commission, told a Euratom 
delegation to Japan headed by M. Hirsch, 
the President, that Japan would welcome 
such an agreement. 

Euratom, it was said, welcomed this 
initiative and the delegation declared that 
‘appropriate action will be taken by the 
Euratom Commission in accordance with 
the institutional procedures set forth in the 
Euratom Treaty ’. 

The seven day visit to Japan followed an 
invitation by the Japanese Government. 
Accompanying M. Hirsch were Mr H. L. 
Krekeler and Mr E. M. J. A. Sassen, 
members of the Euratom Commission. 





HUMBOLDT BAY 
PRESSURE VESSEL 
Recently delivered 
to the Pacific Gas 
& Electricity Com- 
pany for the 60 MW 
Humboldt Bay 
BWR in California 
is this 132 ton 
pressure vessel. The 
GE reactor is 
scheduled for 1962 
operation 
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Brazilian 300 MW reactor—new moves 


London The Brazilian National Commission 
of Nuclear Energy has asked for ‘ expres- 
sions of interest’ in building a 300 MWe 
single gas-cooled natural uranium, graphite 
moderated unit in the central-southern 
region of Brazil. Any company which 
wished to be considered for tendering for 
the project had to inform the CNEN by 
November 27, 1961. Selected tenderers 
will be given 180 days after receipt of the 
‘invitation to tender’ to submit their 
proposals. 

The proposed site has not yet been 
revealed though the station is to be located 
in the state of Guanabara. The selected 
contractor, the CNEN says, shall make full 
use of Brazilian industry and capabilities. 
‘In all cases where quality and workman- 
ship meet approved job specifications and 
standards, where deliveries and prices of 
local manufacture are consistent with the 
schedules approved between purchaser and 


contractor, the respective materials and 
equipment shall be purchased in Brazil’, 
says the advertisement for qualifications. 
The project is to be executed on a fixed 
price, turnkey basis, and one interesting 
condition asked of those who wish to bid 
is an ‘ indication of the assistance that the 
prospective tenderer might be in a position 
to provide in developing suitable finance 
for parts or the whole of the work .. .” 
Publication of the terms of the invitation 
were delayed because of governmental 
changes following the resignation of 
President Janio Quadros. It was at first 
stated that interested organizations should 
submit their qualifications and other infor- 
mation by October 25. With the changes, 
the date was extended to November 27. 
According to Dr A. Simoes, assistant to 
Professor M. Damy de Souza Santos, 
president of CNEN, the terms of the invita- 
tion must he approved by the Cabinet. 


Gas explosion delays Kiwi test 


Los Alamos A hydrogen gas explosion which 
wrecked the portable metal shed housing 
the KIwI-B-1A reactor delayed the full power 
test of the reactor for about two weeks. 
The reactor itself was not involved in the 
explosion which happened during prepa- 
rations for the full-power run. 

The kiwi reactor systems are part of the 
USA’s nuclear rocket programme for space 
flight (Project ROVER). The power run was 
to conclude the Kiwi-B-1A test programme. 

According to Dr K. Boyer, Test Director 


High temperature project 
gets under way 


Los Alamos Work on a $1°5 million Ultra- 
High Temperature Reactor Experiment 
(UHTREX) is expected to start in April 1962 
at the Los Alamos Scientific Laboratory. 
The reactor will incorporate such features 
as unclad, uranium-impregnated graphite 
fuel elements with helium as a coolant, 
and a revolving core. 

The UHTREX project is the ncw name for 
the TURRET reactor project which was 
cancelled and then reinstated by the 
USAEC earlier in the year. Construction 
bids are expected soon after February 15 
with work scheduled to begin on about 
April 10, 1962. Completion is scheduled for 
June, 1963. 

In support of the UHTREXx facility will be 
a reactor component development building 
costing some $80,000. 
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of Project ROvER, the explosion caused 
extensive damage to auxiliary equipment 
and instrumentation surrounding the 
reactor. He is reported as saying that the 
reactor itself appeared intact on the out- 
side and that any damage to the reactor, if 
any, would not be known until further 
examination had taken place. It was esti- 
mated that the minimum delay to the 
ROVER testing would be two weeks (the test 
was scheduled for November 7), if the 
reactor were undamaged. 


e Savannah service depot The Galveston, 
Texas, facility belonging to Todd Shipyard 
Corporation, is to be the central servicing 
site for the N.S. Savannah. 


e Aircraft carrier trials The US Na y's 
85,000 ton aircraft carrier, Enterprise, be zan 
its sea trials on October 29. It is 1100 eet 
long and generates 280,000 horsepower. ( ost 
of the nuclear machinery, including e zht 
Westinghouse pwr’s, is estimated at $165 
million out of a total cost of $450 million. 


e Indian tender Bidders for the 300 }iW 
Indian Tarapur station are reported to be 
General Electric Co., Westinghouse Elec ric 
Corporation, Atomics International, Gen: ral 
Electric (UK), English Electric, Canac an 
General Electric-Canadian Bechtel and a 
French consortium including Société Gené: ale 
de Constructions Electriques Alsthcm; 
Société de Forges et Ateliers Creusot and he 
Groupement Atomique Alsacienne Atlantique. 
e Marine reactor safety Vice Admiral 
H. G. Rickover, chief of naval nuclear 
propulsion, told a US Congressional Deferice 
Appropriations’ Subcommittee that 44 reacior 
cores built under his jurisdiction have operated 
since 1953 with no accidents. 

e South African prospects It will take 
from eight to ten years before the application 
of nuclear power on an economic basis would 
be possible in some areas in South Africa, 
according to a recent statement by Dr A. J. A. 
Roux, chairman of the South African Atomic 
Energy Board. 

e Argonne physics centre A centre for 
high energy physics research is to be built 
at Argonne National Laboratory. Construc- 
tion of the $6-9 million centre will start in 
April, 1961, and be completed by late summer, 
1963. 

e Fuel grants The USAEC has provided, 
throught grants, a total of 20,900 lb (9480 kg) 
of natural uranium fuel to Italy, Greece, 
Brazil and Turkey since 1958 for use in 
subcritical assemblies. 

e Antarctic exchange The 12 Antarctic 
Treaty countries have agreed to exchange 
information on nuclear equipment and tech- 
niques to be used in the Antarctica. 


Soviet reactor for Ghana 
Accra The USSR is to help Ghana build 
and design a research reactor, it was 
announced here recently. Under a contract 
signed in late October, the Soviet Union 
will help Ghana build a radio chemical 
laboratory and train personnel to operate 
the reactor and other installations. 

The contract was signed in accordance 
with an agreement with the two countries 
which was reached between the two govern- 
ments in February this year. This agree- 
ment dealt with co-operation in the peaceful 
uses of atomic energy. 
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PULSING RE- 
ACTOR This ‘puls- 
ing’ TRIGA reactor 
was recently dedi- 
cated at the US 
Army’s Diamond 
Ordnance Radia 
tion Facility in 
Maryland. It will be 
used to study the 
effects of intense 
radiation on Army 
electrical and elec- 
tronic equipment 
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ell work ahead of 
schedule 


Wor! >» the S80MW _ Sizewell 
nucle >ower station is about six 
wee 2ad of schedule with favour- 
able ither being a contributory 
fact York on the turbine house 
excava ons and foundations can be 
seer right while below is shown 
cons on in progress on the pro- 
tect shield for reactor No. 1. 


Work on the site began on April | 
and » station is planned for full 
operation by 1966. 
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AEC places contract for large test reactor 


Washington A contract to build what the 
USAEC has described as the world’s 
largest testing reactor, the Advanced Test 
Reactor, has been awarded to the Fluor 
Corporation Ltd of Los Angeles. The 
facility will have an operating thermal 
power level of 250 MW against the 175 
MWt for the Engineering Test Reactor. 
The reactor, for which Congress author- 
ized $40 million, will be built at the 
National Reactor Testing Station in Idaho. 
It will take about three years to complete. 
No contract price was announced but the 
AEC said that Fluor’s proposals would be 
used as the basis for contract negotiations. 
The ATR will be operated by the Phillips 
Petroleum Company, at present the oprat- 
ing contractor for the Engineering Test 
Reactor and the Materials Testing Reactor. 
Principal uses of the ATR will be for the 
development of advanced naval reactor 
cores. It will also be used in development 
of advanced fuel system and for other 
reactor programmes. It will have a gas 
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test loop, pressurized water test loop, 
sodium-cooled test loop for fast reactors, 
and for thermal test reactor and also several 
test loops for the naval reactor programme. 


e Nuclear rocket engine A first phase 
contract for the development of a nuclear 
rocket engine has been awarded to Aerojet- 
General Corporation by the USAEC and the 
National Aeronautics and Space Administra- 
tion. The work involves preliminary design 
of the nuclear rocket engine NERVA (Nuclear 
Engine for Rocket Vehicle Application). 


e Easier finance for US stations A 
step to make it easier to finance the building 
of nuclear power stations has been taken by 
the USAEC. Regulations have been amended 
to allow the placing of mortgages or other 
liens on nuclear reactors and other production 
facilities licensed by the AEC. 


e UK-US HTGCR meeting A three-day 
meeting at which UKAEA and USAEC 
representatives exchanged information on 
high temperature gas-cooled reactors was 
held at Oak Ridge from October 11-13. 
The Dragon project and the 40 MW Peach 
Bottom reactor were discussed. 






Gloomy outlook for 
Canadian uranium mines 


Ottawa Between 1965 and 1970, it would be 
improbable that more than two large 
uranium mines would continue to operate 
in Canada, says a Review of the Problems 
and Prospects for Uranium and Nuclear 
Energy put out by the Ontario Department 
of Energy Resources. 

The market envisaged for Canadian 
uranium in 1965 is forecast at about 1700 
tons rising to about 6500 tons in 1970. 
By the end of 1970, with the aid of demand 
from other than nuclear sources, a general 
re-opening of the Canadian uranium 
mining industry is envisaged with a turn- 
over not far from its present level. 


Japan needs MTR says 
special committee 


Tokyo Steps should be taken by Japan to 
initiate plans for a materials testing reactor 
for operation by 1966 says a preliminary 
report issued by the Japan Atomic Energy 
Commission’s Special Committee on 
Material Testing Reactors. 

The report says that future irradiation 
needs could not be met by existing facilities 
and those now being built. To avoid depend- 
ence on overseas facilities, it was necessary 
for Japan to have her own mTrR. It was 
estimated that the needs would be covered 
by a light water moderated reactor of about 
50 MWt with a high neutron beam intensity. 
It would have two 6 in loops and seven 4 in 
loops. Estimates indicated that demand 
would keep the facilities fully occupied for 
ten years. Total cost is estimated at $20 
million. 

The report follows a study made in 1958 
and a visit to the USA, UK and Europe by a 
team of experts earlier this year. 


e License renewed The USAEC has set 
aside its suspension of the University of 
Wyoming’s license to operate a _ research 
reactor. The AEC ordered a shutdown of the 
reactor on April 26 when an inspector found 
the reactor operating without a licensed opera- 
tor in attendance. The AEC has received an 
assurance that this will not happen again. 























UN studies South American nuclear prospects 


Mexico City Apart from Brazil, Argentina 
is a country in which a nuclear power 
reactor could be built, states the provisional 
report of a recent Latin American Electric 
Power Seminar sponsored by the United 
Nations. However, the report adds that in 
the Buenos Aires area, where such a 
reactor could be considered, economic- 
comparisons depended on the value 
attached to fuel oil or natural gas. These 
two items were likely to be in surplus in 
Argentine from 1964 onwards. 

The main conclusions the Seminar 
reached were that except for a few cases, 
nuclear power offered few immediate 
prospects of industrial application in most 
of Latin America. However, it would be of 


New SL-I accident theory 


Washington Doubt has arisen on the cause 
of the st-l reactor incident thought by 
many to have been due to rapid and exten- 
sive motion of the central control rod. 
This is a conclusion that can be drawn 
from a recent AEC announcement on the 
SL-1, the reactor involved in a nuclear 
criticality accident on January 3, 1961. 

Further investigation of the status of 
the central control rod at the time of the 
incident, the AEC announcement says, 
indicates that the control rod extension 
was ‘frozen’ at a point below the top of 
the reactor due to collapse of the control 
rod expansion guide tube. ‘ At the time 
that the control rod extension froze,’ 
the report continues,’ the central control 
rod had been withdrawn 3in but still 
extended through the reactor core. This 
seems to cast doubt on earlier theories 
that the accident could have been induced 
by rapid and extensive motion of the central 
control rod °. 

Discussing radiation readings, the AEC 
say these have been reduced to a level of 
15 roentgens per hour immediately above 
the reactor head and 10 roentgens per 
hour on the operating floor near the 
reactor. The readings show a reduction of 
more than 90° in radiation levels since 
major decontamination work was started 
early in June of this year. 


e Soviet aims Designing a reactor which 
would convert thermo-nuclear energy into 
electric power by by-passing intermediate 
phases is one of the main tasks facing Soviet 
scientists, according to Professor V. Emel- 
yanov, chairman of the Soviet Atomic Energy 
Committee in a recent article in ‘ Izvestia.’ 


e CANDU power study The USAEC 
has selected Allis-Chalmers to carry out a 
specialized study of the Canadian CANpt 
reactor. A digital computer will be used to 
determine power generating characteristics 
of the reactor core. The project comes under a 
co-operative agreement between the AEC and 
Atomic Energy of Canada Ltd. 
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interest to consider installing a small 
reactor as a regional centre for training 
personnel for many countries of the region. 

An interesting possibility for a relatively 
small (50 MW) reactor was in the northern 
area of Chile. Providing inter-connexion 
is achieved between the plants serving the 
copper mines, the refineries and the neigh- 
bouring cities, there would appear to be a 
good economic case even on the basis of 
the preliminary considerations which were 
based on prices for enriched uranium prior 
to the recent decrease. A further inquiry 
would be desirable. 


*Latin American Electric Power Seminar, held 
under joint auspices of the Economic Commission for 
Latin America, Bureau of Technical Assistance 
operations and Resources and Transport Economics 
Branch of the United Nations, at Mexico City, 
31 July-12 August. 


e US BWR agreement Substantial agree- 
ment on contractural arrangements for a 
50 MW pwr has been reached between the 
AEC, the Dairyland Power Corporation of 
Wisconsin and Allis-Chalmers Mfg Co. 


e British patents The USAEC has 
announced the titles of 94 AEC-owned British 
patents on which it will grant licenses for 
royalties. Inquiries to USAEC, Washington 
25, DC. 

e Indian research centres A proposal for 
setting-up two university nuclear centres, one 
in north India and the other in the south, is 
being considered by the Indian Department of 
Atomic Energy. 


e US process heat reactor A _ seventh 
expression of interest in the AEC’s process 
heat reactor project has come from the 
Toms River Chemical Corporation, New 
Jersey. (See Worldview, August, p 56). 


— a] 


e US naval programme The 1962 1S 
Navy’s shipbuilding programme proposes n 
additional three nuclear power attack su>- 
marines, one nuclear powered guided miss |e 
frigate and one submarine tender to service 
atomic submarines. This is in addition to tn 
earlier nuclear submarine awards. 


e AEC safetyrecord The USAEC’s Fed 
Materials Production Centre at Fernald, Ohi», 
has completed three million man hours of 
work without a lost time injury—a new safe-y 
record for the plant. 


e Depleted uranium wire Nuclear Metz!s 
Inc. of the USA is to export 4-4 Ib of depleted 
uranium wire to the French Atomic Ener-y 
Commission for evaluation prior to its 
authorizing Nuclear Metals to manufactu’e 
enriched uranium wire and also to establish 
a cost basis for this manufacture. 


Power at 6:2 mills/kWh 


Canoga Park, California A 360MWe 
sodium-cooled, graphite-moderated reactor 
plant initially generating power at an 
estimated 6:2 mills per kilowatt hour is 
being proposed by Atomics International 
to the US electrical power industry. 
Efficiency of the plant is given as 42°8°% 
with the promise of substantial fuel cycle 
cost reductions during plant operation 
life. 

The proposed plant would be the first 
large power station incorporating this 
reactor concept, says Atomics International. 
However, engineering, test and further 
development programme work, though 
shortly to be completed, still has to be 
carried out. The US firm claims that 
initial and operating costs appear com- 
petitive with modern coal-fired stations 
in many areas of the United States and 
Europe. 





SAVANNAH FITS 
OUT. A full scale 
practice loading of 
fuel for the N.S. 


Savannah took 
place early in 
November. The 


vessel, shown in the 
fitting dock, is 
nearing completion 
and final sea trials 
despite a hold-up 
over the hydraulic 
control rod drives. 
The Savannah is a 
joint project of 
the Maritime 
Administration, the 
US Department of 
Commerce and the 
Atomic Energy 
Commission. She 
will be the world’s 
first nuclear- 
powered merchant 
ship 
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ECONOMICS TENDED TO BE over- 
shadowed by politics at the last session of 
the IAEA General Conference. This was a 
pity for there was certainly much of 
interest on the cost of nuclear power. 
The latest report included more _ infor- 
mation on fuel costs and on small power 
reactors than that contained in a 1960 
report. On the whole the document was 
optimistic about future trends and indi- 
cated that important reductions in fuel 
cycle costs would become specially signi- 
ficant. Supporting this was a statement by 
Dr F. Balligand, the Agency’s Deputy 
Director, which pointed out that while the 
cost price of reactors had often been 
higher than estimated, the output had 
also been greater. In addition, for certain 
types of reactors, commercial firms would 
now quote fixed prices. 

At the same Conference, one of the more 
interesting topics talked about was the 
feasibility of building an international 
demonstration power reactor in Yugoslavia. 
To meet their power needs, the Yugoslav 
authorities feel that a nuclear power station 
of about 150-200 MW should start operat- 
ing in their country by 1975 at the latest. 
They think that preparations for this should 
start soon and that a power demonstration 
reactor project of about 30-60 MW should 
be put in operation by 1970 at the latest. 
Of the reactor types under consideration, 
though this has not been finalised, are: 

1. A gas-cooled reactor with graphite 
moderator which could use slightly enriched 
uranium if a small sized station were 
required. 

2. A heavy water reactor (non-boiling 
type) and 

3. A boiling water reactor, possibly with 
nuclear superheat. 

Because of the latest political fuss 
between the US and Yugoslavia (this has 
now tended to interfere with plans to supply 
the universities of Belgrade and Zagreb 
with two small research reactors), the 
possibility that British or Canadian firms 
could be concerned with supplying the 
reactor for the project must be stronger. 


| WAS MILDLY SURPRISED at the 
reaction to what seemed to me to be a 
Straightforward story in last month’s 
Worldview (page 59) that International 
General Electric had asked the AEC to 
change the completing shipping date for 
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the export of the SENN 150 MWe Bwr 
from January, 1964 to August 31, 1965. 
This brought an immediate response from 
Italy though not from IGE. A full statement 
has now been issued (see Worldview, p.56). 


IT WILL BE INTERESTING to see how 
the original arrangements for the con- 
tractors to maintain and run Berkeley and 
Bradwell a year after commissioning works 
out in practice. It looks as though the 
maintenance part at least will soon be a 
dead letter as I gather that the CEGB is 
already looking after the routine cleaning 
and greasing jobs. We seem to be moving 
into a whimsical situation where the 
CEGB is responsible as agents for the 
contractors. 


WITH ALL THE FUSS that is usually cre- 
ated about the safeguards question at IAEA 
General Conferences, one tends to forget 
that the Euratom Commission is already 
operating a control system which keeps 
track of all nuclear materials, in particular 
fissile materials. It is, moreover, the first 
security control to have legal force within 
the territories of a number of nations. 
The system relies on reports from nuclear 
enterprises and inspections by Euratom 
officials and since March, 1959, all enter- 
prises have submitted design details and 
technical data on their installations; and 
since May, 1959, monthly reports on their 
stocks and transactions in ores, source and 
fissile materials. Inspection work started in 
May 1961 and the seven inspectors have 
been chosen from all member countries. 


LOOKING BACK now the dust raised by 
the storm over the New Production Reactor 
at Hanford and the defeat of proposals to 
add generating facilities to the unit has 
settled, one can see the US forces on both 
sides preparing for battle in 1962. Accord- 
ing to American friends of mine, it seems 
likely that any proposals for additional 
incentives for utilities to build nuclear 
power stations will be frowned upon by 
the Joint Congressional Committee on 
Atomic Energy. Indeed, the Committee 
has said that in the coming year, it will 
examine ‘ carefully the various direct and 
indirect subsidies to private industry con- 
tained in the Atomic Energy Act of 1954. 
In addition, the Committee may well 
examine alternative methods of encourag- 
ing the development of nuclear technology.” 
Coupled with this is the chance, rated quite 






high, that the Kennedy Administration 
might encourage new proposals for federal 
building of nuclear power stations. 

The latest development in the NPR saga 
is the formal request by the State of Wash- 
ington to the AEC asking how the State 
could serve as a banker to provide funds 
for generating facilities for the unit. 


TALKING ABOUT THE APPOINTMENT 
of Albert Crewe, the Yorkshire born 
director of Argonne National Laboratory, 
to some friends brought out the surprising 
news that when Crewe was a schoolboy, 
he intended to leave school and go out to 
work rather than continue his studies. It 
was only when his school friend decided 
to go in for science, that Crewe followed his 
example. For Crewe, this was a success. 
For his friend, well, he left the scientific 
field and is in journalism. 


ONE OF THE MORE INTERESTING 
books that will appear during January 1962 
is ‘ The Atom: Friend of Foe?’ by Charles- 
Noel Martin. What gives it this topical 
interest is the amount of space given in the 
230 pages it contains to bombs, their make- 
up and their effects. Obviously the idea of 
translating the book from the French was 
conceived long before the resumption of 
testing but I personally think the collected 
information on the ‘less peaceful uses’ 
was the more interesting portion; to my 
mind, little new came from the review of 
peaceful applications though I must admit 
that having a section in the book on the 
peaceful uses of explosives was useful. The 
conclusions make gloomy though realistic 
reading; for instance, the author points out 
that altogether, nuclear explosions must 
have synthesized some~10,000 kilogrammes 
of radioisotopes which did not exist before. 
Of these, about 40 have a long half life. 
(I would add here that this figure does not 
take into account the latest series of tests). 
The Atom: Friend or Foe? by Charles-Noel 


Martin (translated by T. Schoeters), George G. 
Harrap & Co, London. 


I hear that... 


... the CEGB are interested in using gas 
turbines for standby supplies for nuclear 
power stations. 


... in addition to several concerns in the 
US, foreign firms have been showing inter- 
est in Atomic International's sodium cooled 
reactor development. However, the project is 
not expected to be finalised as more work is 
still needed on fabrication techniques for 
uranium carbide fuel elements and a verifi- 
cation of the steam generating design. 


...the charge/discharge machinery for 
Sizewell has been modified. The changes, I 
understand, do away with the chute machine, 
replacing it with a permanent structure at 
the top of the core. 


..an unnamed country which had an 
American research reactor built for it, 
approached the IAEA with two requests. 
The first ‘ Was the reactor safe? ’; the second 
* How did it work?’ 
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Danatom’s 200 MW dual cycle Bwr study 
(see Worldview last month p 57), while 
being similar to Dresden and the Senn 
project, has a power density of 46 MW/m* 
compared with the 30 MW/mi of the other 
two stations. This, say Danatom, represents 
the upper limit for that type of reactor core. 

The Association has told Nuclear Power 
that a revision of the GAMMA design is 
now being prepared which will use the 
internal steam separation concept. A dual 
cycle will be retained as this type of reactor 
can respond to load changes over a wide 
range without need of control rod move- 


VELOPMENT- 


Danatom revises BWR study 





ment. This autocontrol feature is con- 
sidered to be attractive for the relatively 
small Danish grid. The containment sphere 
will also remain as the pressure suppression 
design is not considered to be particu- 
larly suitable for the dual cycle concept. 

These revisions are expected to lower the 
generating costs slightly but although these 
are very close to conventional power 
generating costs there are no firm plans 
for building a station. 


(GAMMA, a 200 MW boiling water reactor power 
Station, a preliminary design study. Danatom 
report 04-61. Aug. 1961. 200 p 25 figs.) 


Electroslag welding for Dungeness boilers 


Head Wrightson Teesdale Ltd, who are 
supplying four of the eight boilers for 
Dungeness, are using electroslag welding 
for the longitudinal seams. They say that 
this is the first application of this welding 
process in the UK to Class 1 pressure 
vessels. The machine being used was made 
in Russia where the process was first 
developed, and purchased through Esab 
Ltd. 

Shell plates for the boilers are between 
2 5/16 and 3% in thick. Four plates make 
up one boiler ring with six rings to each 
boiler. Each ring, with four vertical electro- 
slag welds, is normalized after welding. 


Start of an electroslag weld in 3} in steel 
plate using the Russian machine. The 
square edge plate preparation can be seen 
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Circumferential welds will be made by 
submerged arc welding. Welding speed for 
this range of steel thickness is about 4 ft/h 
and this cuts welding time to about a 
quarter of that for other methods. Another 





Surface appearance of an electroslag 
weld in 3% in steel plate 


advantage is that a simple square edge 
plate preparation only is needed. 

Completed boiler shells will be 75 ft 
long by 23 ft 6 in i.d. and will weigh some 
340 tons. They are being fabricated at Head 
Wrightson Teesdale and will be floated 
down to Dungeness. 


e Cold welded irradiation can The 
Metallurgy Division at Harwell have de- 
veloped a cold welding tool for making a 
small aluminium can used for irradiations in 
the flux scanning holes in Pluto and in a 
modified Mk 3 Dido element. 


e Heat exchanger performance One 
heat exchanger at each of the UK nuclear 
power stations will have extra instrumentation 
to determine their performance and compare 
this with predictions from rig data (see this 
issue p 65). 
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MINIATURE THERMOELECTRI< 
ELEMENTS Weighing 20 mg in a volume 
2.5 mm*, these tiny elements can deliver 
50 mV at | A. Their small size has been 
made possible by a method of bonding 
semiconductor material to conductors which 
has high strength and low resistance 
developed at the San Diego laboratories of 
General Dynamics. As well as space power 
applications the Corporation envisages 
their use for domestic appliances 





Model of Rapsodie core to 
be tested at Cadarache 


An electrically heated model of the core 
of the Rapsodie prototype breeder research 
reactor to be built at Cadarache will be used 
to check calculations concerning the cooling 
system and the natural convection cooling 
of the shut-down reactor. 

A data recording and analysing system 
has been developed by the Compagnie 
européenne d’automatisme électronique to 
handle the large number of temperature 
measurements needed for the study. 
Reactors of this type with high power 
density and low thermal capacity are 
subject to thermal shocks and the stability 
of the system requires careful study. 


On-power isotope loading 
for Bepo 


A new load/unload flask allows larger 
isotope sources to be unloaded from 
BEPO without shutting the reactor down. 
Previously the reactor was shut down 
once a week to carry out load/unload 
operations. 

The equipment gives greater flexibility 
of isotope production. Isotopes can be 
provided as required instead of once a 
week. An estimated increase in yield of 
20% is reported for the shorter-lived iso- 
topes. Two other advantages are less 
thermal cycling, giving reduction in the 
number of burst fuel elements, and the 


longer runs for experimental irradiations. 
(The sero T.E. hole isotope load/unload flask. A 
Emmerton. AERE Harwell. Report AERE R 3549 
Available from HMSO 3s 6d) 


Control rod sticks in the 
Battelle Research Reactor 


Sticking of a boron carbide control rod in 
a guide channel was observed recently in 
the 1MW pool type reactor at Battelle 
Memorial Institute. It was noticed during 
start-up. The element was removed and 
examination showed signs of contact in 
the upper 2 in of the boron carbide section 
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Measurements taken some time 
wed the dimensions to be normal 
the internal pressure had been 

; The reason for the swelling is not 

ki ith certainty. Battelle are seeking 

ion to test a prototype rod designed 
t¢ \ize the probability of rod swelling 
du gas formation or any other cause. 


Prototype high power 
density fuel irradiated 


T\ instrumented fuel assemblies, the 
first developed capable of measuring in-core, 
steady-state and transient hydrodynamic 
characteristics of a BwrR, are under test in 
US General Electric’s Vallecitos reactor. 
The work is part of the US AEC’s £1-3 
million high power density programme. 

Each assembly consists of 24 high power 
density fuel rods and one instrumentation 
rod. Primary sensors include outlet flow- 
meters to measure coolant flow and steam 
production; coolant inlet and _ outlet 
thermocouples; and instruments to measure 
pressure drop across the assembly. In 
addition thermal neutron flux is measured 
by ion chambers at three points in the rod 
and by a flux wire irradiation tube also in 
the rod. 

Data collected will be used by US GE 
for designing four instrumented assemblies 
for the 50 MW Big Rock Point Plant. 





HECTOR PRESSURE VESSEL The 
pressure vessel for HECTOR (Hot Enriched 
Carbon - moderated Thermal Oscillator 
Reactor) being machined on a face-plate 
central lathe at the South Works of Ash- 
more, Benson, Pease & Co Ltd. HECTOR 
will be used for evaluating the nuclear 
behaviour of fuels, moderators and struc- 
tural materials using the pile oscillator 
technique. The central test region is 3 ft dia. 
and can be heated to 450°C by CO,. 
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FUEL TRANSFER SYSTEM FOR ‘ PATHFINDER.’ The fuel transfer system for 
the 62 MWe ‘Pathfinder’ Power Reactor at Sioux Falls, South Dakota, is shown 
here during a test set-up before shipment from The General Mills Electronic Group, 
Minneapolis. The transfer carriage operates on rails, under water, and carries fuel 
elements and control rods from the reactor shield pool, through the fuel transfer tube 
and isolation valve, to the fuel storage pool and back again. The basic system uses a 
troughlike carriage rolling on a large number of small wheels. The carriage rides on 
rails through a 20 in gate valve and a stainless steel tube between the two pools. 
Two drives, one in the reactor building and the other in the fuel handling building, 
are used to power the carriage. They are controlled from pendant stations, one in 
each building. 
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Graphite problems delay Enrico Fermi 


The Enrico Fermi fast breeder is now in the 
preoperational test phase. Certain delays 
during final construction and testing led to 
the extension of the construction permit by 
one year and it is reported that criticality 
is not expected till early next year. The main 
difficulties reported concerned the graphite 
used for the shielding and the rotating plug 
assembly, and modifications to the fuel 
element pins. 

The supporting structure for the uranium- 
molybdenum fuel pins was found to be not 
sufficient to prevent bowing. A grid struc- 
ture of seventeen honeycombed sections is 
now used to position the pins. This has 
increased the pressure drop through the 
core and has dropped the rating for the 
first core by 30%. 

A non-nuclear test programme has been 
carried out to prove the mechanical system. 
With the primary system filled with sodium 
the rotating shield plug, fuel-handling 
mechanisms, control rod drives and sodium 
pumps have been checked through their 
complete range. The sodium system in 
general has been tested for a week at 
1000° F—this is about 200°F above operating 
conditions—and been found to behave 
satisfactorily. 

As a result of this high temperature test 
carbon dioxide was baked out of the canned 
graphite in the rotating plug and escaped 
in the argon blanket gas system. Here it 
formed a crud with the sodium and inter- 
fered with some of the mechanical devices. 
The carbonates formed are slightly soluable 
in sodium and have been got rid of by 
repeated cold trapping. This trouble is not 
expected to recur as the system was out- 
gassed by the high temperature test. A 
check is now being made of the effect of 
irradiation on gas release from the graphite. 





The second graphite problem concerned 
the borated graphite shield adjacent to the 
reactor vessel. These 6-in. blocks were 
found to have deteriorated badly after the 
1000°F test. The grade of this material was 
unsatisfactory and will be replaced by a 
high-grade graphite. The space is fairly 
confined and the replacement is expected 
to take about six months. 

Hydrostatic tests of the steam generators 
have indicated some tube failures. The 
cause is not known with any certainty but 
there are indications that they originate on 
the inside of the bend regions of the tubes 
and are caused by stress corrosion cracking. 

The preoperational tests have also been 
of use in ironing out many minor difficulties 
and providing invaluable operating exper- 
ience. 


Stud welding used 
at Hunterston 


The temporary insulation used during the 
stress relieving of the Hunterston pressure 
vessel (see Research & Development last 
month) was secured by stud welding 
attachments, and the thermocouples used 
were also attached by the same method. 
Stud welding was accepted for these 
applications after series of procedure tests 
carried out by Motherwell Bridge & 
Engineering Co. Ltd. The equipment was 
supplied by Crompton Parkinson. The 
permanent insulation and thermocouples 
will also be attached by stud welding. 
The tests covered three welding positions 
and four stud diameters and preliminary 
tests were undertaken by GEC on plate 
using preheat and plate without preheat. 
These preliminary tests led to the use of 
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Coltuf 28 plate either 3 or 2% in thick 
without preheat. 

For attaching the insulation to the 
pressure vessel special lengths and dia- 
meters of studs and plain pins were manu- 
factured to accommodate the required 
thicknesses of insulating material. Suc- 
cessive layers of insulant were secured to 
the studs with ‘ spire’ speed nuts and the 
final layer held in position by a plate 
assembly which was fastened to the tapped 
end of the stud by a threaded screw. The 
permanent insulation will be secured 
similarly. 

The point of contact between thermo- 
couples and the reactor shell needs to be 
as close as possible. The complete homo- 
geneity achieved by this process between 
the attachment and the shell allowed 
temperature measurements considerably 
more accurate than by other methods of 
couple attachment. A special stud was 
used for this work with a % in external 
thread and a longitudinal milled slot for 
the couple and clamp 

Tensile proof testing of both the threaded 
and plain studs used was carried out using 
a calibrated torque wrench spanner. The 
frequency of this testing was relaxed as the 
welds were found to he of a consistertly 
good quality. 


Performance of gas 
bearings improves 


In recent tests, a gas bearing successfully 
underwent over 10,000 stops and starts 
with no deterioration in performance. 
Nuclear Power was told this during a 
recent visit to Bristol Siddeley’s Ansty 
Works near Coventry. Other machines have 
been run at 400°C for 1500 h. Gas bearings 
for experimental loops in the AGR have 
completed their 500-h acceptance tests and 
are now at Windscale. Other bearings have 
been supplied to nuclear research centres 
including America and France. 

The largest machine manufactured at 
present is 100 hp with a four inch dia. 
shaft running at 11-12,000_ rev/min. 
Development work is being carried out to 
increase the size of the units and to cope 
with higher pressures and temperatures. 


Assembling a gas bearing in the clean 
room at Bristol Siddeley’s Ansty Works 
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NEW PRESSURE VESSEL SHOP. The new £500,000 extension to Whessoes Works 
at Darlington will be able to handle vessels up to 125 tons. The 50 ft < 80 ft 
shop has a large X-ray building designed to take a million volt X-ray source as 
well as a permanent stress relieving furnace, said to be the largest in Europe. 
Among other facilities at Whessoes for manufacturing reactor pressure vessels 
is a 4500 ton press. Shaped plates are marked out using the ‘shadowgraph’ tech- 
nique and edge prepared by a pendulum burner—both developed at Whessoes. 








Studies of the instabilities associated with 
this type of bearing are also being under- 
taken. High standards of precision engin- 
eering and cleanliness are needed in the 
manufacture of these pieces of equipment 
and Nuclear Power was shown the £0-5 
million clean room where the bearings are 
assembled. Especial care is needed to avoid 
contamination and the machines are kept 
under an inert gas purge before installation 
to prevent seizure. 

Development work is backed up by test 
facilities. There are six tests cells, two of 
which are in operation. The first is mild 
steel loop capable of operating at 400°C 
and 400 Ibf/in?. Another loop, under 
construction, is also 6 in and it will operate 
at 600°C and 1000 Ibf/in?. The second loop 
in operation is a smaller 2 in one in Nimonic 
‘90° which can operate at 750°C and 1500 
Ibf/in?. 


Automation cuts nuclear 


ship costs 


An engineer from US General Electric 
told a meeting of the American Institute of 
Electrical Engineers recently (see Worldview 
last month p 60) that the GE 312 transis- 
torized digital computer could provide a 
10%reduction in crew requirements and a 
10% increase in fuel utilization when applied 
to the propulsion system of a nuclear ship. 
Only 12 of the 43 propulsion sub-systems 
would be automated ; extension of computer 
facilities to cover the rest of the sub- 
systems would not be justified on economic 
grounds. 

Most of the cost savings would result 
from automating the main steam sysiem, 
condensate and feedwater system, auxil- 
iaries and makeup demineralizer system, 
and reactor control rod drives. 
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e Hot laboratory at Argonne Con- 
struction of the $4,400,000 chemistry hot 
laboratory should be completed by 1962. 
The laboratory will be used in conjunction 
with the programme to obtain greater quanti- 
ties of the heavy elements. By 1963 relatively 
large quantities of Pu-242, Am-243 and Cm- 
244 should be produced in the AEC’s Savannah 
River Plant. This material will be used to 
produce berkelium and californium in the 
MTR, Idaho and the HFiR at Oak Ridge (see 
this issue p. 70). 

e High temperature microscope The 
problem of lens distortion and melting in 
hot stage microscopes has been overcome by 
LASL scientists by using a reflecting system. 
Half-inch dia. specimens can be heated to 
above 2500°C without damage to the optical 
system at magnifications of 600 diameters. 


e Radioisotopes from A-bombs The 
USAEC’s underground atomic tests _ will 
possibly be used for producing large amount 
of radioisotopes. The 5-kiloton test due soon 
at Carlsbad New Mexico will generate large 
amounts of americium and californium, pro- 
vided proper seed material is present. Other 
experiments on neutron absorption cross- 
sections and high-temperature high-pressure 
chemistry are also envisaged for future tests. 


e Sintering furnace for actinides A high 
vacuum/high temperature sintering furnace 
developed by Spembly from an NPL design 
will be used at Harwell for high temperature 
sintering of uranium and plutonium oxides, 
ceramics, cermets, etc., and at low tempera- 
tures for high vacuum brazing and degassing. 
The operating temperature is 2400°C and the 
vacuum 10-5 mm Hg. 





‘Nuclear Power’ INFORMATION 


Further details on any news item 

can be obtained by writing or 

telephoning to ‘Nuclear Power’ 

Information Bureau’, 77-79 Char- 

lotte Street, London W1. MUSeum 
8252. 
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The CEGB studies heat transfer 


by J. A. HITCHOCK, B.Sc., A.R.C.S., A.Inst.P. and J. LIS, B.Sc., 
Heat Transfer Section, Central Electricity Research Laboratories, Leatherhead 


CONSIDERING the initial programme of heat transfer work 
at CERL it was remarkable to find that there was relatively 
little precise quantitative knowledge available on the classical 
physics problems such as forced convection from and to 
complicated surfaces. Accordingly it was necessary to follow 
the safe, if rather uninspired, policy of carrying out research 
using full-scale units of plant so that measurements could be 





The research programmes at CERL generally have always placed 
considerable emphasis on the requirements of the Generat- 
ing Board as a user of electrical plant. In nuclear research, 
even greater emphasis has been placed on the operational 
reliability of plant because of the high capital cost and the 
difficulties of access and maintenance. Because of the likeli- 
hood of unforeseen problems arising during the operation of 
nuclear stations, the Board has also made an attempt to 
anticipate as many as possible of these problems and to 
establish a technology which will provide a basis for those 
remaining. These considerations served as a basis for the 
work on nuclear fuel elements and heat exchanger transfer 
set up at CERL in 1957, pending the building of the Berkeley 
Nuclear Laboratories. The considerable background of heat 
transfer work on conventional plant served as a useful asset 
in establishing this work. 











made as nearly as possible under actual conditions of reactor 
operation. The following three major test rigs were there- 
fore built: 
(i) An atmospheric pressure rig using air and taking a full-scale 
reactor channel and fuel element. 
(ii) A high-pressure rig using carbon dioxide with mass flow 
rates of the same order as in a reactor. 
(iii) A heat exchanger rig taking full-scale sections of tubing as 
in an actual heat exchanger. 


Fuel elements 

Work on fuel element heat transfer began in 1957 using an 
atmospheric pressure rig. Early work was mainly concerned 
with the development of experimental techniques for the 
measurement of heat transfer and pressure drop character- 
istics of polyzonal type fuel element cans, and with the deter- 
mination of performance data for tender assessment purposes. 
With the increased knowledge now available and the generally 
improved techniques currently in use, the amount of routine 
test work has been reduced; such tests are now only undertaken 
at the tender stage in the case of a novel can design, or if the 
design data are in serious doubt. The final production can 
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design for each of the nuclear stations will, however, continue 
to be given a comprehensive test, and the resultant data will 
subsequently be used for comparison with actual reactor 
performance. This work is now largely carried out on the 
pressurized CO, rig which simulates reactor conditions quite 
closely, thereby necessitating very little extrapolation. 


The CERL fuel element programme can be broadly sub- 
divided into four categories. These are: the extensive deter- 
mination of the performance characteristics of production 
fuel element cans; fundamental studies of the heat transfer 
processes associated with nuclear fuel elements; problems of 
temperature measurement and control of the reactor; and an 
examination of the experimental techniques and character- 
istics of future-type reactor systems (e.g. rod-cluster AGR-type 
elements). 


Heat exchangers 

An economical design of heat exchanger will depend 
primarily upon the successful application of extended sur- 
faces. Fortunately, in this application, as opposed to con- 
ventional power plant, the clean primary gas conditions permit 
the use of secondary surfaces to the full advantage, especially 
in the economizer and evaporator sections where thermal 
resistances on the gas side are much higher than those on the 





Atmospheric fuel element test rig; test section lengths up to 
15 ft can be accommodated (Fig. |) 












liquid (steam) side. Although the secondary surfaces employed 
in the heat exchangers are, of necessity, less complex and 
intricate than those used for fuel elements, the problems of 
accurately predicting their performance are still far from 
simple. As with fuel elements, this is mainly due to a very 
limited understanding of the physical processes involved, in 
this case, in the transfer of heat from a bank of close-pitched 
finned or studded tubes. At present, quite large margins have 
to be applied in the design of heat exchangers to allow for the 
various uncertainties. 

The programme of experimental work in this field at CERL 
aims at filling in certain gaps in existing Knowledge. However, 
the emphasis has again been on the problems of interest to the 
user of this costly capital equipment. Checking of the per- 
formance claims on the final designs of the heat exchanger 
tubing falls into this category, and the resultant data will be 
subsequently compared with the operational performance of 
the heat exchangers. Such tests are carried out in the heat 
exchanger rig which was commissioned in May 1959. 


MAJOR TEST RIGS 


Atmospheric pressure rig 


This rig was designed to take in air at atmospheric pressure 
and to pass it, after metering, over a number of fuel-element 
cans, suitably heated, and finally to exhaust to atmosphere 
(Fig. 1). The gas path is essentially a ‘U’ shaped loop 
8 in dia. duct, one leg of which houses the orifice plate flow 
meter, the other leg containing the test section in which the 
duct diameter reduces to about 4 in. The air is blown through 
the rig by two 50 hp centrifugal fans capable of delivering 
2:2 Ib/s against a static head of 12 in Hg, when running in 
series. Test section lengths up to 15 ft can be accommodated, 
and dual test lengths facilities are available. Acoustic-duct 
silencers are fitted to the inlet and outlet of the fan system to 
reduce the intense blade noise which initially interferred with 
flow measurement. 

The test sections, usually brass, are made to the same 
internal diameter as the reactor channel specified for the 
particular fuel-element can under test. Pressure tappings are 
attached to the test section at intervals along and around the 
channel, as required. 

The fuel-element cans are heated electrically, up to a maxi- 
mum heat rate of 3 kW/ft, by passing a direct current of up to 
600 A through a stainless steel tube fitted inside the cans and 
insulated from them. Thermocouples, peened to the can sur- 
face, are used to determine the can temperature. Reynolds 
numbers up to about 1-5 x 10° can be achieved. Higher values 
would lead to compressibility errors at the relatively low 
pressures in the rig. 

The advantages of this type of rig are easy to enumerate. 
Although not simulating reactor conditions particularly 





Pressurized fuel element rig; the test channel is about the 
same length as present channels in gas-cooled reactors (25 ft) 
and air or CO, at a pressure up to 200 Ibf/in? (Fig. 2) 








Heat exchanger rig used to study heat transfer and pressure 
drop characteristics of tube banks in cross flow (Fig. 3) 


closely, the rig is extremely flexible and allows rapid explora 
tory experimentation to be carried out. Preliminary examina 
tions of a particular can geometry are quickly made, an 
detailed surveys of the gas characteristics (e.g. temperatur 
and velocity profiles) carried out. Both the test section and th 
rig generally are capable of simple modification for othe 
studies associated with reactor heat transfer. 


Pressurized fuel element rig 


This rig was designed to operate on air or carbon dioxid« 
at any pressure up to 200 Ibf/in? and to accommodate a tes 
channel of the same length as the present channels in gas- 
cooled reactors (about 25 ft). A total of 300.kW of electricai 
energy is available for can heating, and the maximum gas 
temperature at the channel outlet is 400°C. The plant consists 
essentially of a single elongated loop of 7-in bore steam pipe 
giving two long straight gas paths (Fig. 2). One of these 
contains the test channel, and the other provides the necessary 
length of straight duct for accurate flow measurement. 
This leg also includes a heat exchanger for removing the heat 
transferred by the fuel-element cans from the gas stream. 
The working gas is circulated round the loop by a centrifugal 
fan, which has a reinforced casing to withstand the pressure. 
The fan is able to circulate approximately 8 lb/s of CO, 
at 200 Ibf/in? and 200°C against a static head of 10 Ibf/in?. 

The drive consists of a slip-ring induction motor with a 
synchronous speed of 3000 rev/min and a 4 : 3 ratio gear box. 
To assist the control of gas flow at various operating pressures, 
the motor is fitted with a rotor resistance speed controller which 
provides a range of fan speeds of between about 3000 and 
4000 rev/min. 

Leaving the circulator, the gas enters the test section via a 
short settling-length of straight duct. After picking up heat 
in the test section, the hot gas is turned through 180° into the 
return leg and enters the heat exchanger. Here the energy put 
into the gas by the fan and fuel elements is given up to water 
which in turn is cooled in a mechanical-draught cooling tower. 
The heat exchanger is capable of removing heat from the gas 
at about 14 million Btu/h (400 kW) with a gas inlet temperature 
of 350°C. The cooling tower, which also serves the heat ex- 
changer test rig, is designed for 2 million Btu/h. 

Two butterfly valves control the gas flow. One is situated in 
the heat exchanger path and the other in the by-pass to the 
heat exchanger which allows varying proportions of gas to 
remain uncooled. The circuit is lagged with two inches of 
preformed asbestos lagging, and at the test section, where 
especially low thermal losses are required, the lagging thick- 
ness has been increased to four inches. 

The main feature of this rig is its ability to simulate quite 
closely, both in dimensions, heat rating, gas temperature and 
pressure, the conditions likely to be met with in designs of the 
present type of gas-cooled reactor. 


Heat exchanger rig 
Basically, the rig, shown in Fig. 3, is a closed-loop circular 
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dt porating a fan, electrical heater bank and test 


sec 1¢ gas (air or carbon dioxide) at pressures from 
at! ic to 45 Ibf/in® absolute pressure is circulated by a 
cel i! fan designed to deliver 11,000 ft/min against a 
sta .d of 40 in w.g. The gas mass velocities obtained in 
the low the present design range of Reynolds number to 
be covered. An electrical heater bank is used to raise the 
tem ture of the circulating gas and this contains 135 


ele! s, each with a rating of 3 kW, giving a total capacity 
of 405 kW of applied heat. The mean gas temperature during 
tests is usually about 120°C. The test section is 2 ft wide by 
approximately 2 ft high and normally contains 10 rows of 
tubes in the direction of the gas flow. The test bank is cooled 
by water circulated inside the tubes in counter-flow to the gas. 
The experimental evidence suggests that the comparatively 
low temperature and pressure level of the gas circuit, in 
comparison with reactor conditions, are unimportant de- 
partures from the design conditions of heat exchangers for 
gas-cooled reactors. 


The rig was designed primarily for the investigation of the 
heat transfer and pressure drop characteristics of tube banks 
in cross-flow of gases. A certain amount of flexibility in the 
design was nevertheless allowed for so that test sections of 
different geometry from the standard size can be accom- 
modated without major modifications to the rig. 


FUEL ELEMENT HEAT TRANSFER PROGRAMME 
Heat transfer and pressure drop characteristics 
of polyzonal type cans 

This work forms the major part of the programme and has 
developed from the tests which used to be made on all the 
fuel elements submitted in the tenders of the early nuclear 
power stations. Typical patterns are given in Fig. 4 and show 
variations in Stanton number of the order 15% from the 
mean for points of maximum and minimum transfer. 


Since the minimum transfer determines the maximum can 
temperature, it is clearly desirable to reduce this variation as 
far as possible. An investigation with this objective is now well 
under way. A four-times scale model of a polyzonal element 
quadrant (Fig. 5) is being used for a comprehensive examina- 
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Variation of heat transfer along the length of several polyzonal 
fuel elements; the Reynolds No. level is approximately 5x 104 
(Fig. 4) 


Can geometry 





NO. 
FIN TIP OF LEAD, FINROOT CHANNEL 
DIA, in FINS in DIA, in DIA, in 


_ 2-15 360« (12 1-29 3-75 Straight splitter, spiral fin 
— 2-10 48 12 1-19 3-90 Straight splitter, spiral fin 
t+-+-- 2:59 64 24:4 1-74 4°23 Spiral splitter, straight fin 
_-— 2-25 40 «11-6 1-33 4:25 Straight splitter, spiral fin 
on eae 2-00 48 «(8-1 1-30 3-85 Straight splitter, spiral fin 





All cans have four splitters. 
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tion of the flow and temperature patterns. The first stage of 
this work, which is to determine the cause of the pattern, 
has been completed. It has been shown that this variation is 
created by a combination of flow and temperature effects in 
the coolant gas stream, the flow effect being the major factor. 
This investigation is being supported by the use of a water 
flow visualization rig which gives rapid qualitative indications. 
A typical example of the fluid flow pattern in the quadrant 
of a polyzonal fuel element can, obtained from the water rig 
and using air bubbles as a tracer, is shown in Fig. 6. 


Another important study is also being made on the influence 
of the transport properties of the surface gas film, as affected 
by gas temperature, pressure, heat rate and surface condition, 
on can performance. The factors are not adequately covered 
by the correlations now in general use, and the heat transfer 
coefficient under full-power reactor conditions may possibly 
be overestimated by as much as 10% by the use of data 
obtained under relatively cool, low heat-flux rig conditions. 

As mentioned earlier, the ‘ first charge ’ elements of each of 
the new nuclear stations are examined in detail for this 
performance characteristic. Every endeavour is made to make 
the test assembly truly representative, and features such as 
spiders, braces, etc., which might affect heat transfer and 
pressure drop properties are incorporated. 


Fundamental studies of rod cluster systems 
Certain of the systems being considered for future civil 
nuclear stations employ a cluster of rods to contain the 
nuclear fuel. The aGr for example, utilizes uranium dioxide 
pellets contained within either thin-walled stainless-steel or 
beryllium tubes. Clusters of such rods, placed in the reactor 
channels are then used to produce heat to be carried away by 
the coolant gas stream. It is important to develop satisfactory 
experimental techniques for heat transfer work on such 
systems to allow a proper performance assessment to be made. 


The rod cluster system presents considerable difficulties in 
this respect. One of the major problems is associated with 
the development of temperature and velocity profiles along 
a string of rod clusters comprising a reactor channel charge. 
These profiles considerably affect both heat transfer and 
pressure loss performance, and the approach used for poly- 
zonal type elements of testing only a small number of cans in 
series to give performance levels typical of the total channel 
assembly may no longer be adequate. Thus, although rod 
clusters, from a geometrical point of view, are simpler than 
polyzonal fuel elements, the experimentation and analysis of 
data on their performance tends to be considerably more 
complex. The major work carried out to date at CERL has 
primarily been concerned with the pressure drop character- 
istics of several clusters in series. Although the mean friction 
factor over an assembly of clusters can be generally predicted 
to within 15-20% using standard pipe flow laws and the mean 
hydraulic diameter concept, a significant decrease of the 
friction factor has been observed along successive clusters. 
It is thought that this may be due either to the method of 
presentation of pressure loss data (by the Guggenheim 
formula) or to changes in the flow characteristics over the 
clusters. 


A programme of work has also been carried out to examine 
the tendency of thin-walled stainless-steel cans, over a range 
of can thickness and can-to-fuel clearance, to wrinkle or 
deform when subjected to AGR conditions of temperature 
and pressure. In particular, the transient conditions which 
could occur during charging have been simulated. 
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Four times scale fuel element rig (Fig. 5) 


Temperature measurement and reactor control 

An examination is being made of the errors, particularly 
under transient conditions, which are likely to occur in the 
channel outlet thermocouples in the early civil stations. The 
response times of arrangements are determined from the 
amplitude and phase of the thermocouple output in relation 
to an applied sinusoidal temperature variation of the gas 
stream. Such outlet thermocouples are usually sited near the 
charge-pan assembly or top graphite brick, and are not 
allowed to project into the gas stream to avoid loading hazards. 
The thermocouple may therefore be subjected to large thermal 
inertias and, possibly, low gas flow conditions unless some 
form of flow streaming is introduced. For example, for a gas 
outlet assembly typical of the early stations, at an applied 
transient frequency of 10 cycles/h and a channel gas flow of 
1 Ib/s, the outlet thermocouple reads only of the order of one 
half of the amplitude of the applied function with phase lag 
of some 20 s. It is obviously important to determine these 
transient characteristics precisely over a range of conditions 
for adequate control of the reactor to be achieved, and also 
to aim towards thermocouple assemblies with the least 
possible inertia to transient temperature phenomena. 

It is also intended that the heat transfer characteristics of, 
and the accuracy of temperature indications from, the 
thermocouple fuel element cans for the early magnox stations, 
shall be determined as soon as they are available. 


HEAT EXCHANGER PROGRAMME 


Gas side heat transfer characteristics 

Most of the work has been on the determination of the 
performance characteristics of the heat exchangers for the 
nuclear stations being commissioned for the CEGB. 

The investigation of the heat transfer and pressure drop 
characteristics of finned tube arrangements in cross-flow is, 
almost invariably, carried out on test banks having ten rows of 
tubes in the direction of the gas flow. Consequently, most of 
the design data are reported in terms of mean heat transfer 
and pressure drop coefficients for ten rows. The available 
experimental evidence suggests, however, that both coefficients 
are a function of a bank depth. Available data are not suffi- 
cient, however, to allow the corrections for bank depth to be 
applied confidently. Considered in conjunction with the usual 
design margins, the resulting underestimate of the heat transfer 
and overestimate of the pressure drop can be very expensive 
in the case of heat exchangers for nuclear stations. This 
problem is being investigated to enable correct extrapolation 
of test results to design conditions. 


Closely connected with this problem is the investigation >f 
the effect of a gap between two banks of tubes on the heat 
transfer and pressure drop characteristics of a downstrean 
bank. Such a gap should, in principle, influence the level >f 
turbulence approaching the test bank and hence affect ‘ts 
performance. Both testing techniques and design of the 
nuclear heat exchangers could be influenced by the findin zs 
of this work. 


Water side coefficients 

The accuracy of the gas side heat transfer design data o}- 
tained on rigs such as the CERL heat exchanger rig is som:- 
what impaired by the lack of information on the water sice 
coefficients in short tubes downstream of 180° bends, i.e. 
under conditions specific to these rigs. The fact that the staui- 
dard formula for long, smooth tubes is not applicable under 
these conditions has been recognized for some time. The 
present solution is either to determine the water side thermal 
resistance for each tube arrangement by the Wilson plot 
technique* or to reduce this resistance as much as possible 
using very high water velocities (e.g. by using cored tubes). 
Both these methods are, however, rather cumbersome and 
neither is very reliable. In order to eliminate the error from 
the analysis of the heat transfer test results, an investigation 
is being carried out to determine local and average values of 
the water heat-transfer coefficients in short tubes downstream 
of 180° bends. The experiments are at present carried out with 
a uniform wall heat flux, and the effects of non-uniform 
fluxes and internal wall roughness will be investigated later on. 

It is also intended to study the water side heat transfer 
coefficients in tubes with internal finning and turbulence 
promoters. 


Heat exchanger commissioning tests 

One heat exchanger at each nuclear station will be provided 
with special instrumentation (additional to operational 
requirements) to determine their performance characteristics 


Flow pattern over a polyzonal fuel element (Fig. 6) 


and compare this with{ the performance predicted from rig 
data. These tests should also indicate the extent to which 
various assumptions made in the design calculations are valid 
and, where they are not, the extent to which the estimated 
performance has been modified as a result. Apart from deter- 
mining the overall performance, it is intended to measure the 
gas side heat transfer and pressure drop coefficients in the 
economizer, evaporator and superheater sections of the fully 
instrumented heat exchanger. These experiments will be 
supplemented by measurements of the gas velocity distribution 
at the inlet to the heat exchanger and at some intermediate 
levels between various tube banks. This information is 
necessary to allow a more precise analysis of the performance 
for comparison with rig test results obtained earlier. 
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onstruction at Oak Ridge, this 1\OOMW thermal high 
will be used mainly for producing in research quan- 


ricularly those of elements heavier than plutonium 


The High Flux 


Isotope 


7a = ee 

O OBJECTIVE Of the High Flux Isotope 
Reactor, HFIR, is to achieve an unper- 

turbed thermal flux of 5 x 10'* n/cm?*s in a 

small target region. Optimization studies 

have shown that this is practical with a 


cylindrical core geometry at a power level 
of 1|OOMW. The basic core geometry is a 
vertical right cylinder consisting of a 
central light water target region surrounded 


by concentric annular regions of fuel, 


control rods and reflector, respectively. 


General description 

The fuel annulus around the target 
region contains aluminium clad, enriched 
uranium plates and light water coolant 
channels. The uranium bearing portion of 
the fuel region is 20 in high. The fuel 
plates, which are involute in shape, are 
arranged in two concentric rings with an 
outside diameter of 16-5 in. 

Between the fuel and reflector regions 
are two thin concentric cylinders used for 
Se the reactor. The outer plate 
has a * black’ region at the top for reactor 
shutdown, a * gray” region in the centre 
for early cycle operation and a *‘ white’ 
region at the bottom for late cycle 
operation. The inner cylinder is similar 
except that the black region is at the bottom. 
This arrangement allows symmetry to be 
maintained about the centreline by with- 
drawing the cylinders in opposite directions. 
The inner cylinder acts as a shim and 
regulating rod. The outer cylinder acts as 
both shim and safety. To increase the 
safety arrangements, the outer cylinder is 
split into quadrants each with its own 
drive and release mechanism. The * black ’ 
region of the outer cylinder falls into the 
active region for emergency shutdown. 

The beryllium reflector around the 
control region is 2 ft high and | ft thick. 


\ mm 


4 target 


through beam _— 


fuel 
region 


radial beam ———— 


semi-permanent 
reflector 







NUCLEAR POWER December 





Reactor 


The inner annulus is removeable, allowing 
access to the control plates and drives and 
replacement of the reflector if damaged by 
radiation. 

The whole core assembly is contained 
in a cylindrical pressure vessel 94 in i.d. 
It has a removeable flat upper head and a 
fixed hemispherical end. This lower end 
supports the core assembly by means of a 





REACTOR DATA 
Reactor power 100 MWt 
Power density, max 3-73MW/1 
Active core volume 50 1 


Active core height 20 in 
Active core diameter 5-7 in i.d. 
16-5 in o.d. 
Fuel elements 
Composition 
Inner fuel annulus U,O, (~90% 
U-235)+Al+B,C 
Outer fuel annulus U+Al alloy 
Cladding Aluminium 
Plate thickness 0-050 in 


C oolant channel thickness 0-050 in 
Fuel loading, U-235 8 kg 
Max. heat flux 1-5 x 10°Btu/hft* 


Max. plate temperature 313° C (595° F) 
Max. surface temp. 174° C (344° F) 
Island material H,O 
kKeflector material be 


Coolant 
Total flow rate 
Coolant temp., 
outlet 
Neutron fluxes, n/cm*® s 
Fast, fuel region (max) 4-2x10'* 
Thermal, island un- 


H,O 

15,000 gal/min 
inlet- 

120-167° F 


perturbed (max) 5-5 x 10'* 
Kefiector (max) 1-2 x 10% 
pedestal. The drives for the control section 


are in a subpile room below the bottom 
biological shicluing. 1he pressure vessel is 
in a pool with the reactor core 26:5 ft 
below water level. A quick-opening hatch 
9 ft above the core allows replacement of 
fuel, control plates and beryllium. 

Frimary cooling water enters the vessel 
at the top, flows in parallel through the 


engineering focilit y 
(typical 4 places) 
A 


permanent 
~ reflector 


removable : 
reflector Plan view of the 


reactor 
ion chamber 


( typical 3 
ploces) 


pressure 
vessel 


tangential 
beam tube 
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Vertical section of the reactor assembly 


I pressure vessel; 2 vertical irradiation facility; 
3 access hatch; 4 target assembly; 5 inlet (typical of 
2); 6 beryllium reflector; 7 tangential beam tube; 
8 outlet; Youter control drive (typical of 4); 
10 inner control drive; 11 vessel support; 12 radial 
beam tube; 13 fuel region; 14 engineering facility 
iz (typical of 4) 

core region, and leaves through a side 

outlet in the lower vessel extension. 


Target region 

The reactor will provide research quan- 
tities of elements heavier than plutonium. 
It is known that high neutron fluxes in 
space produce heavy elements such as 
californium, and the availability of these 
elements will provide information about 
the behaviour of matter in space. The 
target array will contain 2-300 g of Pu-242 
at the axial centre of the core in the 5-7 
in dia. target. 


Experimental facilities 

As well as the high flux region there 
are a number of other facilities located in 
the beryllium reflector. 

The vertical facilities consists of various 
sized holes for material irradiations, 
accessible through corresponding holes in 
the vessel head. There are four engineering 
facilities. These are 10 cm (4 in) tubes 
partially embedded in the outer surface of 
the reflector and they penetrate the vessel 
and shield at an oblique angle. 

The three horizontal beam tubes are 
all 4 in i.d. and are at the core midplane. 
One tube penetrates the reflector radially; 
the second penetrates the reflector and is 
tangential to the fuel region; the third 
passes through the reflector and is a 
through tube. 

Construction of the reactor began in 
the summer of this year following a contract 
awarded to H. K. Ferguson Co. and is 
expected to be in operation early in 1964. 
ORNL’s Reactor Division designed the 
reactor and the Instrumentation and 
Controls Division is designing the instru- 
mentation. Oak Ridge National Labora- 
tory is operated by the Union Carbide 
Corporation for the US Atomic Energy 
Commission. 





This method reduces computer time and cost 
in calculating a useful mathematical tool ie 














Escape probabilities and fluxes 
outside self-absorbing cylindrical sources 


by E. W. SIDEBOTHAM, Central Technical Services, Reactor Technology Branch, UKAEA, Risley 


x CAN BE SHOWN that the thermal neutron flux in a fuel 
element is a maximum at the outside and that the flux in the 
fuel varies with the radius depending upon the Bessel function 
I,(«r), where r is the radius at which the flux is measured and x 
is the inverse thermal neutron diffusion lengths in the fuel. 

There are numerous thermal neutron reactions in the fuel 
element resulting in sources (for example fission, capture 
gammas, fission product gammas and fission neutrons). All 
these sources will have the same distribution as that of the 
thermal neutron flux. 

It is permissible to assume, therefore, that any one of these 
sources will have a source strength ataradiusr S,=A I,(xr), 
photons or fissions or captures or scatterings. cm sec—!. In all 
probability there will be further reactions between the 
induced radiations and the atoms of the fuel. As an example, 
consider the gammas produced in the fuel as a primary source. 

At the present time the main concern is with large reactors 
in which the channel length is many times greater than the 
migration length of fast neutrons in the moderator. It is 
reasonable to assume, therefore, that there is no axial varia- 
tion in the source strength over a length many times greater than 
the diameter of the fuel element. 

The fuel element, therefore, may be considered to consist 
of a series of line sources, each of constant strength. Consider 
such a line source shielded by a thickness / of a material which 
has an absorption coefficient u (Fig. 1). 

An element dx of the source has a source strength Sdx 
and may be considered as a point. The flux ¢ is defined as the 
number of photons passing through a sphere of unit cross- 
sectional area in unit time. 

The flux at Q from a line source will be 


-/9 
‘ | IT“ Se-whsecx dx Ss 


eo /? 
cai e-uhsecx de 
4h*sec*x a 


oO 
The current J is defined as the number of photons passing 
through unit surface area in unit time. 
The current at Q from a line source will be 
q/9 
5|  Scosae-uisecxdx § 
ss 4rh*sec*x 2h 


cosxeHAsecad cy, 
Oo Oo 


The two integrals are of a well known form and are 
referred to as sec i (uA) or Kj,(uh), and Kj.(uh) respectively. 


70 





Many of the problems in nuclear physics involve parameters 
which depend upon the reactions occurring in cy’indrical 
sources such as fuel elements. The source strength, however, 
in fuel elements is seldom uniform. This article investigates 
the effect of increasing the source strength in a radial direc- 
tion with particular attention to the ‘ build-up’ of gamma 
radiation in the fuel element. Approximations are described 
which reduce computer time and cost for the calculations 
involved. The reaction rates of any of the secondary reactions, 
such as heat generation, in the materials will depend upon 
the flux and the cross-section for the reaction. The expres- 
sions for flux in cylindrical sources and surrounding materials 
are also derived 











Now consider Fig. 2. The flux at Q due to an elemental 
line source of strength S,h d6 dh is 


Shd0 dh Ald(xr) 


84” sh SC Muh)=—" 5 sec i(uh)305h (1) 


Similarly the current at Q from an elemental line source 


Al,(« 
oer) Kj,(uh) (2) 


S,hd08h is 3)” 
From Fig. 2 r? = R* + h? — 2Rhcos 9 (3) 
If equations (1) and (2) areintegrated with respect to 4 and 8 to 
the limits 8=0, cos-(h/2R) (twice) h=0, 2R 

Then the total flux at Q becomes 


A 2R pcos"! h 
wa] |, *afem[i+( Yah coo 
3. de Ij «R|1+(4 2p 008 9) / 


sec i(un) dO dh (4) 


and the current at Q becomes 


A[2R pcos? 
1-4| | 2R,f. [ (4) 24 || 
“Jo Ij «R| 1+( 2) 23 cos 0 f 


cos 9 Kj.(uh) db dh (5) 


Equations (4) and (5) can be integrated by numerical 
methods. Computer subroutines are usually available for 
Bessel functions such as I,(«r), but not for functions sec i(uA) 
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; : ati The component of 
flux at Q, dd, from 
| an element dx will 
S dx e-thsecx 
\ h be 4nh2sec2« ’ the 
«x o corresponding com- 
ponent of current at 
do | Q, dJ, will be d¢cos« 
(Fig. 1) 
Q Nuclear Power 


and Aj,(uh). Both equations involve treble integrals and 
therefore result in lengthy programmes. The subroutine for 
I,(xr) would involve increased computer time since the argu- 
ment involves both variables of integration. It is possible to 
reduce computer time and thereby reduce the cost by intro- 
ducing an approximation. 


I,(xr)=1+ Cop, where C=0:266 x*R® (6) 
R\? hk +) 
so that 1o{ «RI +(2) -2R cos @| f 
hy , _h ] 
={1 +C+4 c(3) -2Cp cos OF (7) 


This approximation gives a good fit to the I,(xr) curve over 
the range «r=0 to 1-°5. The errors involved in using this 
approximation will be discussed later. 

Equation (4) may now be written in a simplified form by 


substituting h/R= x i.e. dh= Rdx 
5 x 
AR(? (85 
$= — {1 + C+ Cx?-2Cxcos of 
“do Jo 
sec i(1Rx) dé dx (8) 


This is integrated with respect to 8 to give 


- 
=i ( x x*\4) 
$= — cos~?= }(1+C+ Cx?) 2cx(1 = 
~ a *) 4 } 
sec i(uRx) dx (9) 
Similarly equation (5) becomes 
2 


A 
J ay 
“Jo 


cos 6 Ki,(uRx) dé dx (10) 
and this integrates to give 


2. -2 
J a 40 He+cx(—7)? 


cos iz 
{1 +C+ Cx? 2Cxcos0} 


O 


Cx{ cos 3 x(1 3) | Kise) dx (i) 


Fig.2 
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SPECIAL CASES 
Equations (9) and (11) can be modified for certain special 
cases. 
(a) When the cylindrical source is transparent to the radia- 
tion, that is non self-absorbing, then »=0 and the equations 
may be written 





=48 "(cos “2)(1404-C8')-2cx(1-¥)fax 2) 
Jo 
1 A8l (14 c+cx \(1-%) 
cre S 3-2 “ 


(6) When the cylindrical source is of uniform strength A, 
in this case «=0 and the equations become 


2 . 
#~ AR (cos =) seci(uRx) dx (14) 
* Jo 
2 2\3 
| (1 -*) Ki. (uRx) dx (15) 
T Jy 4 
(c) Where the source is both transparent and uniform p=0 
and «=0 
é¢Tu=AR (16) 
Jnu=AR (17) 


2 


(d) The average source strength in a cylinder where the 
source strength varies as I,(«r) or approximately as 


[r-e(] 





is given by 
R 2 
fw. 6.4 

| aera 1 (| “i R , 

y a. —- = (1 + CT) dr 
mR? R? - R 
me 23 
=4(1+5) (18) 


There is therefore an averaging factor of (1-+ C/2). 


ESCAPE PROBABILITY 

The introduction of non-uniform source strength in 
cylinders necessitates a clearer definition of escape probability. 

The escape probability is here defined as: 

the fraction of the generated radiation escaping through the 

surface of an infinitely long cylinder wherein the source 

strength varies in a radial direction but is constant in the 

axial direction. 

The Escape Probability is obtained from equations (11), 
(17) and (18) and is given by, 


2 
__2eRJ 4 { ; “ 
PRA ~zro) (+C+ Cx (1 -; 


~Cx [ (cos-*%) f *(1 -2*] Ki (uRx) dx (19) 


Akin to the escape probability is a similar probability con- 
cerned with the flux. This flux escape is defined as the fraction 
of the flux at the surface of an infinitely long cylinder wherein 
the source strength varies in a radial direction, but is constant 
in an axial direction, relative to that which would be 





7) 





















encountered if the total source strength were uniformly distri- 
buted in a non-absorbing material. 

The Flux Escape is obtained from equations (10), (16) 
and (18) and is given by, 


2 } 

; 3 | ee i 

P= AR ™2+C) _ eos sya + C+ Cx*) 2Cx(1 j ) 
sec i (uRx) dx (20) 


The escape probability P, is a useful mathematical tool 
which is used in reactor core calculations and many other 
calculations associated with cylindrical sources. The flux 
escape on the other hand has very limited use but the exten- 
sions on the same basic theme given in the following para- 
graphs are of prime importance. 


RFSULTS 

The results of 8 point Gauss, 4 step calculations of P, 
and P¢ made on a Ferranti Mercury digital computer are given 
in Tables 1 and 2. 

Attention is drawn to the results for « =0. These results are 
in exact agreement with the escape probabilities of Case, de 
Hoffman and Placzek(2); on the other hand, the results of 
Field(/) differ by as much as 10°. 

The results for a transparent rod, u =0 indicate that the 
source distribution has no effect on the escape probability, 
i.e. all the radiations arising in a transparent rod must escape 
uniformly (provided the geometry is not distorted). On the 
other hand the flux does depend upon the source distribution. 

Flux to current ratios for any typical source distribution 
and absorption cocfficient may be obtained directly from the 
two tables and by considering equations (16) and (17) from 
which we obtain ¢7y/Jty =2 
duR, KR) ~Pd(uR, «R) 
J(uR, KR) ~Py(uR, KR) 
for any value of uR and KR. 


and thus (21) 


APPLICATIONS 
The absorption coefficient u in the foregoing paragraphs 
could be replaced by cross sections such as the removal cross 
section X;em, the macroscopic inelastic scattering cross section 
Lin etc. Escape probabilities are used at the present time in the 





The escape probabilities Py offer more accurate information 


for this calculation because of the inclusion of the varial le 
source term. 
When considering gamma sources, however, it would »e 


incorrect to use the linear or narrow beam absorption 
coefficients unless consideration is given to the energy of tne 
scattered photons. Basic theory confirmed by measuremen is 
show that the number of photons, the emerging energy ard 
the dose rate measured are greater than would be expected 
using pure exponential attenuation with a linear absorpticn 
co¢fficient even when the source approximates to a point. 
To correct for this increase, which is not exponential, a serics 
of * build-up” factors have been calculated, Goldstein and 
Wilkins(3). These ‘ build-up’ factors depend upon (a) the 
source shape (point isotropic and plane monodirectional); 
(b) the type of * build-up’ i.e. the increase in the observed 
number of photons or the photon energy or the energy 
absorbed by the shielding material or the dose rate measured; 
(c) the energy of the incident photon, (E) and (d) the penetra- 
tion through the material (uR). For each type of build-up, 
geometry and energy it is possible to obtain a series of 
exponentials which will give a good fit to the * build-up’ 
curve. 

The exponential series will be of the form >5 e~>uR (22) 

I 
where S B\=1 
tn 
1 

The formula becomes more difficult to use and constants the 
more difficult to determine as the number of terms increases. 

The energy absorption coefficient, ue, sometimes referred 
to as the true absorption cocfficient and determined from the 
basic formula of gamma shielding, may also be considered as 
a combination of a linear absorption coefficient, and a one 
term ‘ build-up’ factor pe=yu(1 —b) 
The attenuation due to a thickness R would be 

e UR e-uR(I-b) 


This value of b does not give a good fit to the build-up curve; 
it usually gives an under-estimate below about 4 mean free 
paths and an over-estimate beyond. 

A two term build-up gives a much better fit. 





calculation of the fast fission factor, © in core calculations. Build-up Factor = B,e~>,¥® —(B, — 1)e->,uR (23) 
TABLE |! Current escape probability Ps 

ur 0 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 1-0 1-2 1-4 1-6 1-8 2-0 

uR 

0 1-0000 1-0000 1-0000 1 -0000 1-0000 1-0000 1-0000 1-0000 1 -0000 1-0000 1-0000 1-0000 1 -0000 1-0000 1-0000 1- 0000 
0-1 0-88505 0-88506 0-88510 0-88515 0-88523 0-88533 0-88544 0-88557 0-88572 0-88588 0-88605 0-88642 0-88681 0-88721 0-88761 0-88801 
0-2 0:79306 0-79308 0-79314 0-79325 0-79339 0-79358 0-79379 0-79404 0-79432 0-79463 0-79495 0-79565 0-79640 0-79716 0-79792 0-79867 
0-3 0-71651 0:71654 0-71663 0-71678 0-71699 0-71725 0-71756 0-71792 0-71832 0-71875 0-71921 0-72021 0-72127 0-72236 0-72345 0-72451 
0:4 065163 0-65167 0-65178 0-65197 0-65224 0-65257 0-65296 0-65342 0-65392 0-65447 0-65506 0-65633 0-65767 0-65905 0-66043 0-66178 
0-5 0-59596 0-59601 0-59615 0-59637 0-59669 0-59708 0-59755 0-59809 0-59869 0-59934 0-60004 0-60154 0-60314 0-60478 0-60642 0-60802 
0-6 0°54776 0-54781 0:54797 0-54822 0-54858 0-54903 0-54957 0-55018 0-55086 0-55161 0-55241 0-55412 0-55595 0-55782 0-55968 0-56151 
0-7 0-50569 0-50575 0-50592 0-50621 0-50661 0:-50710 0-50770 0-50838 0-50914 0:-50996 0-51085 0-51275 0-51478 0-51685 0-51892 0-52095 
0-8  0:46875 0-46881 046900 0-46931 0-46974 0-47028 0-47093 0-47167. 0-47249 0-47339 0-47435 0-47642 0-47862 0-48088 0-48313 0-48533 
0-9 0:43612 0-43618 0-43639 0-43672 0-43718 0-43776 0-43845 0-43924 0-44012 0-44109 0-44211 0-44433 0-44668 0-44910 0-45151 0-45386 
1-0 040715 0-40722 0-40743 0-40779 0-40827 0-40889 0-40962 0-41045 0-41139 0-41240 0-41349 0-41583 0-41832 0-42087 0-42342 0-42591 
1-2 0-35817 0-35825 0-35849 0-35887 0-35940 0-36007 0-36086 0-36177 0-36279 0-36389 0-36508 0-36762 0-37033 0-37311 0-37588 0-37859 
1-4 0-31859 0-31867 0-31891 0-31932 0-31988 032059 0-32143 0-32240 0-32347 0-32465 0-32590 0-32860 0-33147 0-33441 0-33735 0-34022 
1-6 0:28611 0:28620 0-28646 0-28688 0-28746 0-28820 0-28908 0-29008 0-29120 0-29242 0-29372 0-29654 0-29952 0-30258 0-30564 0-30863 
1:8 025913 0-25922 0-25948 0-25992 0-26052 0-26127 026217 0-26320 0-26435 0-26561 0-26695 0-26983 0-27290 0-27604 0-27918 0-28225 
2-0 0:23645 023654 0-23681 0-23725 0-23786 0-23863 0-23954 0-24059 0-24176 0-24303 0-24439 0-24732 0-25044 0-25363 0-25682 0-25994 
2:5  0-19323 0-19333 0-19360 0-19404 0-19466 0-19544 0-19636 0-19742 0-19860 0-19988 0-20126 0-20423 0-20737 0-21060 0-21383 0-21698 
3-0 016286 0-16295 0-16322 0-16366 0-16427 0-16503 0-16594 0-16698 0-16815 0-16941 0-17077 0-17369 0-17679 0-17996 0-18314 0-18624 
35 0:14052 0-14061 0-14086 0-14129 0-14188 0-14262 0-14350 0-14452 0-14564 0-14687 0-14819 0-15102 0-15403 0-15711 0-16019 0-16321 
4-0  0°12346 0-12354 0-12379 0-12420 0-12477 0-12548 0-12633 0-12731 0-12839 0-12958 0-13084 0-13357 0-13647 0-13944 0-14240 0-14530 
4:5 0-11004 0-11012 0-11036 011076 O-11130 0-11198 0-11280 0-11373 0-11477 0-11591 0-11712 0-11973 0-12251 0-12536 0-12820 0-13098 
5 0-09923 0-09930 0-09953 0-09991 0-10043 0-10108 0-10186 0-10276 0-10375 0-10484 0-10600 0-10850 O-11115 0-11388 0-11660 0-11926 
6 0-08289 0-08296 0-08317 0-08351 0-08399 0-08459 0-08530 0-08612 0-08703 0-08802 0-08908 0-09136 0-09379 0-09628 0-09876 0-10120 
7 0-O7115 0-07121 0-07141 0-07172 0-07216 0-07270 0-07336 0-07410 0-07494 0-07584 0-07682 0-07891 0-08113 0-08341 0-08569 0-08791 
8 0-06231 0-06237 0-06255 0-06284 0-06324 0-06374 0-06434 0-06503 0-06580 0-06663 0-06752 0-06945 0-07149 0-07359 0-07568 0-07773 
9 0-05542 0-05548 0-05564 0-05591 0-05628 0-05674 0-05730 0-05793 0-05864 0-05941 0-06024 0-06201 0-06390 0-06584 0-06777 0-06966 
10 —- 004990 0-04995 0-05010 0-05035 0-05070 0-05113 0-05164 0-05223 0-05289 0-05360 0-05437 0-05602 0-05777 0-05957 0:06136 0-06312 
12 0-04161  0-04165 0-04178 0-04200 0-04230 0-04268 0-04312 0-04364 0-04421 0-04484 0-04551 0-04695 0-04847 0-05004 0-05161 0-05314 
14: 0-03567 0-03571  0-03583 0-03602 0-03629 0-03662 0-03702 0-03747 0-03798 0-03853 0-03913 0-04040 0-04176 0-04314 0-04453 0-04589 
16 003122 0-03125 0-03136 0-03153 0-03177 0-03207 0-03242 0-03283 0-03329 0-03378 0-03431 0-03546 0-03667 0-03792 0-03916 0-( 4038 
18  0-02775 0-02778 0-02788 0-02803 0-02825 0-02852 0-02884 0-02921 0-02962 0-03007 0-03055 0-03159 0-03269 0-03382 0-03494 0-03605 
20  0-02497 0-02500 0-02509 0-02523 0-02543 0-02568 0-02597 0-02631 0-02669 0 0 0 0:03155 0-03255 


‘02710 0-02754 03052 
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TABLE 2 Flux escape probability P¢ 


0:9 1-0 i-2 1-4 





0-4 0:5 0:6 0-7 0:8 1-8 2:0 

0 0 1-0002 1:0006 1-0013 1-0023 1-0036 1:0051 1-0068 1 0087 1-0108 1-0131 1-0179 1-0230 1-0283 1-0335 1-0386 

0-1 88 0-82903 0-82947 0-83019 0-83120 0-83246 0-83396 0-83568 0-83760 0-83969 0-84192 0-84674 0-85185 0-85710 0:°86234 0-86746 
0:2 tl 0-72626 0-72670 0-72742 0-72842 0-72968 0-73118 0-73290 0 73482 0-73691 0-73914 0-74395 0-74906 0-75431 0-75954 0-76466 
0:3 1808 0:64822 0-64866 0-64939 0-65039 0-65164 0-65314 0-65486 0-65677 0-65885 0-66108 0-66589 0-67099 0-67622 0-68145 0-68656 
0-4 8531 0-58546 0-58590 0-58662 0-58761 0-58887 0-59036 0-59207 0-59398 0-59606 0:59828 0-60307 0-60816 0-61337 0-61858 0-62368 
0 3260-53341 0-53385 0-53456 0-53556 0-53680 0-53829 0-54000 0-54190 0-54397 0-54618 0-55095 0-55602 0-56122 0-56640 0-57148 
0 8924 0-48938 0-48982 0-49053 0-49152 0-49276 0-49424 0-49594 0-49783 0-49989 0-50209 0-50684 0-51188 0-51705 0-52222 0-52727 
0 51470-45161 0-45204 0-45276 0-45374 0-45497 0-45644 0-45813 0-46001 0-46206 0-46425 0-46897 0-47398 0-47912 0-48425 0-48927 
0-8 870 0-41885 0-41927 0-41998 0-42095 0-42218 0-42364 0-42532 0-42718 0-42922 0-43139 0-43608 0-44106 0-44616 0-45126 0-45625 
0 02 0-39016 0-39059 0-39129 0-39226 0-39347 0-39492 0-39658 0-39844 0-40045 0-40261 0-40726 0-41220 0-41727 0-42233 042728 
1°( 36472 0-36486 0-36529 0-36598 0-36694 0-36815 0-36958 0-37123 0-37307 0-37507 0-37721 0-38182 0-38672 0-39174 0-39676 0-40167 
1-2 22210-32235 0-32277 0-32345 0-32439 0-32557 0-32698 0-32860 0-33040 0-33237 0-33447 0-33899 0-34380 0-34873 0-35365 0-35847 
1:4 799 0-28813 0-28853 0-28920 0:29012 0-29128 0:29266 0-29425 0-29601 0-29793 0-29999 0-30442 0-30913 0-31396 0-31878 0-32349 
1-¢ 25995 0:26008 0-26047 0-26113 0-26203 0-26316 0-26451 0-26606 0-26778 0-26966 0:27167 0-27601 0-28061 0-28532 0-29003 0-29464 
1 661 0-23674 0-23712 0:23776 0-23864 0-23975 0:24106 0:-24257 0-24426 0-24609 0-24806 0-25228 0-25678 0-:26138 0-26598 0-27048 
2-( 21693 0-21706 0-21743 0-21806 0-21891 0-21999 0-22128 0-22275 0-22439 0-22618 0-22810 0-23222 0-23660 0-24109 0-24558 0-24996 
2 17920 0-17932 0-17967 0-18025 0-18106 0-18207 0-18327 0-18465 0-18619 0-18787 0-18966 0-19352 0-19763 0-20183 0-20603 0-21014 
3-0 0-15239 0-15250 0-15283 0-15337 0-15412 0-15507 0-15620 0-15749 0-15893 0-16049 0-16217 0-16579 0-16962 0-17356 0-17749 0-18133 
3-5 13244 0-13254 0-13285 0-13336 0-13407 0-13495 0-13600 0-13721 0-13856 0-14003 0-14160 0-14498 0-14857 0-15226 0-15593 0-15953 
4-( 11706 O-11715 0°11744 0-11792 0-11858 0-11941 0-12040 0-12153 0-12279 0-12417 0-12564 0-12881 0-13218 0-13563 0-13908 0-14245 
4-5 10485 0-10494 0-10521 0-10566 0-10628 0-10706 0-10799 0-10905 0-11024 0-11153 0-11291 0-11589 0-11905 0-12230 0-12554 0-12870 
5 09493 0-09502 0-09527 0-09570 0:09628 0-09701 0-09789 0-09889 0-10000 0-10122 0-10252 0-10533 0-10831 0-11136 0-11441 0-11739 
6 0-07981 0-07988 0-O8011 0-08049 0-08101 0-08167 0-08245 0-08334 0-08434 0-08543 0-08659 0-08909 0-09175 0-09448 0-09720 0-09987 
7 0-06883 0-06890 0:06910 0-06944 0-06991 0-07050 0-07121 0-07201 0-07291 0-07389 0-07494 0-07720 0-07959 0-08205 0-08451 0-08691 
8 ) 06049 0-06056 0-06074 0-06105 0-06148 0-06202 0-06266 0-06339 0-06421 0-06510 0-06605 0-06810 0-07028 0-07252 0-07475 0-07693 
u )- 05395 0-05401 0-05418 0-05447 0-05486 0-05535 0-05594 0-05661 0-05735 0-05817 0-05904 0-06092 0-06292 0:06497 0-06701 0-06901 
10 004869 0-04874 0-04890 0-04916 0-04952 0-04997 0-05051 0-05113 0-05182 0-05257 0-05338 0-O05511 0-05695 0-05884 0-06072 0-06256 
12 004072 0-04077 0-04091 0-04113 0-04144 0-04183 0-04230 0-04284 0-04343 0:-04408 0:04478 0-04627 0-04786 0-04949 0-05112 0-05271 
14 003499 0-03503 0-03515 0-03535 0-03562 0-03597 0-03638 0-03685 0-03737 0-03794 0-03855 0:-03987 0:04127 0:04270 0-04413 0-04553 
16 0-03066 0-03070 0-03081 0-03098 0-03123 0-03153 0-03190 0-03232 0-03279 0-03330 0-03384 0-03501 0-03626 0-03754 0-03882 0.04006 
18 002728 0-02731 0-02741 0-02757 0-02779 0-02807 0-02840 0-02877 0-02920 0-02966 0-03015 0-03121 0-03233 0-03348 0-03463 0-03576 
20 0-02456 0- 02468 0-02483 0-02503 0-02528 0 02592 0 02673 0-02717 0O 0 03228 


02459 0 


02558 0 

In the basic equations for fluxes and currents due to a line 
source (1) and (2), the exponential e—“” s*°* does not include 
build-up in any form unless vu is replaced by ve. If a two term 
build-up is included then equations (1) and (2) would be 
modified to 


; 41,(«r) : 
dd a B sec i | (1+5,)e’h | —(B—1) sec i 
[ ' 
| (1+b,)n‘h | 808A 


ay” — Alo) 5 x, [a 


,~ 


(24) 
t+ by) | (B 


[a bs nl 5h30 (25) 


Both these equations consist of 2 parts which are similar 
to equations (1) and (2) respectively. The difference lies in the 
added constant and the substitution of (1+5,)u’ or (1-+6,)u.’ 
for u. It follows then that the escape probabilities which 
include the two term exponential approximation to build-up 
factors will be as follows. 


P\(uR, KR, BU)= BPy{ (1+-b,)2R, KR} —(B—1)P3 


{(1+5,)2R, eR (26) 
Pd(uR, KR, BU)= BPs (1+ bu R, KR } —(B- 1) Po 
{ (1+ b.)aR, xR} (27) 


Some materials of higher mass numbers, notably uranium, 
have build-up factors for which the two term exponential 
approximation coefficients are less than —1. If either (1 +,) 
or (1+-b,) is negative the answer for the flux and current 
from a line source is no longer finite. It becomes necessary 
therefore to work out multi-term exponential approximations 
to build-up factors in which bj« —1. 

ERRORS 

The errors in the results are due to two causes. Firstly the 

errors due to the finite number of integration points used in 


TABLE 3. Errors due to approximation 


xR 0-4 06 


-02631 0 02814 0-02916 0-03021 0-03126 0-03 





the machine programme. The error increases as «R increases 
and depends to a lesser extent upon. R. Considering the method 
of computation only, the tables may be considered to be exact 
for low values of «R; the error for values of «R->2 and uR—20 
is not expected to be greater than 0-1 %. 

The main errors are due to the use of an approximation for 
I,(«R). At the first inspection of the approximation (see 
Table 3) there appears to be a maximum error of +0:-4% 
between «R=0 and 1. The apparent error increasing above 
KR=1 to —9:5% at eR=2. 

These errors are not carried through to the tables for two 
reasons: (i) The integration is always from «R=0 to the given 
value «R; this will reduce the errors. Above «R=1, the error 
in the approximation is of opposite sign to that below «R=1, 
so that at some value of «R>1 the error in the integration will 
become zero. (ii) The normalizing factor (1+ C/2)- used in 
calculating Py and P* compared with the true normalizing 


‘ (21, («R)) z — J : 

factor  <— ° ial has errors of the same sign as the 
K J 

basic approximation. The errors are reduced therefore by 

normalizing. 


Therefore the maximum error when «R=2 will be about 
2° when zR=0 and about 4°% when »R=20, the error when 
«R= 1-5 is less than 1%. In all practical cases «R will be in the 
region of 1-2 and uR will lie between 0-5 and 4, for these 
values the error will be less than 0-1 °%. 


FLUXES AND CURRENTS IN A SECOND ABSORBER 
MATERIAL 


The cylindrical source may again be considered to consist 
of a series of line sources having a source strength 
A I, (xr)hd0dh 
Consider a point Q in the surrounding absorber. The num- 
ber of mean free paths along the normal from the line source 





0 0-2 - i x. oe. 1-4 1-6 1-8 2-0 

1,(«R) 1 1-0100 1-0404 1-0920 1- 1665 1-266 1-394 1-553 1-750 1-990 2-280 
1+C 1 1-0106 1-0425 1-0957 1-1703 1-266 1-383 1-521 1-681 1-862 2-064 
¢ error in approximation 0 +0-06 +0-20 +0-36 +0-33 0 -0-79 -2:06 -3-94 —6-43 —9-47 
21,(%R) 
“R 1 1-00503 1-0201 1:0457 1-0822 1.1303 1-1911 1+ 2367 1-356 1.4634 1-5906 
a, > 

- 1 1.00503 1-0213 1-0478 1-0851 1-1330 1-1915 12605 1-3405 1-431 1-532 
‘% error in normalization 0 0 +0-24 0-50 1-14 —2:21 3-67 


+0-11 +0-20 + 
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© this point is given by: 
/ R,— P sin*0} 
| uf! cos 6 -,/ R}? -Psin*® } 
The flux at the point Q due to the elemental line source will be: 


34” —4 Ip (xrJhdOdh [uo{ — 
2h 


{ | Re P sin*0 } { 1 lest [Re —? sin*9} | 
substitute: 


' roe lh 7} 
I, (xr)= 1+ c(;.)" 1+ Cli T Re 223 cos Or 


and integrate over the limits 6=0 to 


tod h -1 cos 6+ 
\ 


h?+[?—R,?) = 1 
cos-4 © (Re band h=(1 — Re) to (1+ Re). 
Then the total flux at Q is 

+P Re’ 
anh ; a” eee 
“JUL Reddo 

[PrP kh 2th : ] 

—— f 
elke Be 
seci [ofA -Icos6+ J R,?—/[? sin*6} 

4 ur{ J c0s0 - [Ri P sin*0 | |d0dh. 
This equation is simplified by putting 


1 R h ; 
R, =a; R, d R, =x i.e. dh= R,dx and m = 
Then 


fq?+x?—1) 


a+ ecos-!) -—>— 
= Al | 2ax Ty + C(a*+ x* —2ax cost) | 
1 


rid 


a oO 


seci| uoRe4 x- (1 —m)acos® mt -d* sin*6 
+,[1-a* sin*9} | dddx (28) 


Similarly the current at Q passing through unit area parallel 
to the cylinder is: 
fa*+x* a 


‘8 ee nn 
al os 2ax 
Juz — | 
Tt 1 
a—“o 


[1 + C(a?+ x*—2ax cost) | cos 
Kis| voRo4 x (1 —m)acos6 —m ji —d*sin*0 
+/I1 -a*sin’9 || dOdx (29) 


These two equations may be integrated by numerical 
methods. There are, however, 5 parameters a, d, «Ro, UoRo 
and m and reproduction of results in either tabular or graphical 
form would take up too much space. Values of ¢/AR, tabulated 
for a=1 to 5,d=1 to 4, m=0to 0.15, 1»R,=0 to 20 and cR=0 
to 1-4 would fill some 128 tables such as Table 1. 

Equations (28) and (29) may be modified for some cases of 


Fig.3 
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particular interest. When there is no intervening space betwe =n 
the cylindrical source and the second absorber, d= 1 


a’+x*—1 
anspor po aa} 
db Abs | [1 + C(a*+ x? —2ax cos) | 
Wo - 


Tr 
a-— 


sec if woRo{ x: (1 —m) . (acos6 - ji -a'sin*®) | ]d8dx. 
11 {ete} 
— — if 


* Ja—o 
[1 + C(a?+ x? —2ax cos6) |cos0 . Kis [4oRo4 x —( —m) 


(acos6— /1 —a*sin*®) || dédx. 





Furthermore when, m=0, the second material is a non- 
absorber. Thus, it is possible to derive the formula for flux 
éch and current J,, in space surrounding the cylindrical 
source, e.g. in a fuel element channel. 


2 2 
.% fe+x?—] } 
al T * \ Jax [ 


$a = 1+ C(a?+ x* —2ax cos6) i 
9 a 1 o ‘ 
seci [ uoRof x —a cos8 +,/I — a'sin*9} | d6dx (30) 
cos yore —}} 
ax 


a+} 
AR 
” * 
~ da—Wo 


cos® . Kis oRe{ x a cos0-+ | 1- a’sin*9 } |d0dx (31) 


It will be noticed that as the point for which the equation 
applies approaches the cylinder ]—-R. At the surface /=R 
and therefore a=1. Equations (30) and (31) will reduce to 
equations (9) and (11). 

Considering the definition of current, equations (31) and 


J 
[1 +- C(a? +x? —2ax cost) | 


oe 
(11) will be related by 1 ig —== , 
c 


Ro 
This relationship does not apply to the fluxes but may be 
used to determine the current in the channel: 


Jon=a. Py. A(l +S) (32) 


¢ch Will have to be obtained from equation (30). 

Build-up factors should not be used where two materials of 
different absorption coefficients are involved. The build-up 
factor makes allowance for the degradation in the energy 
spectrum. The emerging spectrum will depend upon the mass 
number of the scattering material and therefore when two 
materials which have different absorption coefficients are 
involved, the spectrum passing into the second material will 
be degraded in a different manner to that represented by the 
build-up factor of the second material. 

In any case difficulties will be encountered in the mathe- 
matics when two or more term exponential approximations to 
build-up are incorporated in the equations. 

The following recommendations may therefore be made for 
calculations of gamma fluxes and currents: build-up factors 
should be used when escape probabilities or fluxes in channels 
are required and energy absorption coefficients should be 
used when two materials are involved. 
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Progress in beryllium 


metallurgy 


A conference report 


by G. E. DARWIN, M.A., A.dnst.P., AI.M., Babcock & Wilcox Ltd 


ERYLLIUM CAN NO longer be thought 
Bor as a pure metal but must be 
treated as a complex age-hardening 
alloy. Ample evidence now exists to 
show that more than one solute element 
plays a part in the heat treatment of 
the metal. British and American in- 
terests conflict in this field. British 
interests stem almost entirely from the 
Advanced Gas-cooled Reactor and 
hence demand good properties for 
long times in the region 300-700°C. 
American interests are mainly for 
missiles, space vehicles, and aircraft, 
and require good room temperature 
properties, and sometimes satisfactory 
high temperature properties for short 
times. 

The elongation of commercially pure 
metal varies with testing temperature, 
as shown in Fig. 1. Work at AWRE 
and elsewhere has shown that heat 
treatment can eliminate the decrease 
which normally starts at 400°C and 
give values which continue to increase 
with increasing temperature. Hot ex- 
truded beryllium is in a solution-treated 
state and heat treatment promotes 
ageing. Over-aged metal has good high 
temperature ductility although the room 
temperature properties seem to be 
almost unaffected. Although strain 
rate, grain size and texture all affect 
high temperature ductility, composition 
particularly iron-content is the most 
important variable. Information at 
very slow strain rates is actually 
extremely limited. Above about 200°C 
as-extruded metal has a fibrous fracture 
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Typical results of tensile tests at elevated 
temperatures on metal in the as-extruded 
condition (Fig. |) 
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butat higher temperatures inter-granular 
fracture predominates. Heat treat- 
ment increases the range of mainly 
fibrous fracture up to at least 600°C. 


The actual mechanism of heat treat- 
ment is not yet fully understood. 
Iron is clearly involved and after a 
solution treatment at about 850°C, 
ageing can be caused by the precipita- 
tion of an iron-containing compound 





The Institute of Metals held a three- 
day conference in the middle of 
October to discuss progress in the 
metallurgy of beryllium. There were 
over three hundred delegates from 
fifteen countries. Notably large num- 
bers came from France and the USA, 
where substantial programmes on 
beryllium are also in hand. Over 70 
papers were submitted but the value 
of the conference was contained in 
the many prepared and impromptu 
statements. A bound volume of the 
proceedings will be published. 











by soaking at some low temperature. 
Work at AWRE has shown that a third 
element must be involved as the qualita- 
tive results do not agree with the well 
established solubility line for iron. 
Aluminium and silicon are important. 
Ageing temperatures decrease with the 
iron content and the heat treatment 
temperature for metal containing 400 
p.p.m. iron is below 600°C, where pre- 
cipitation is slow. Increasing the iron 
content to only 700 p.p.m. raises the 
ageing temperature considerably and 
makes heat treatment practicable. Alloys 
with less than 400 p.p.m. iron would in 
practice be little affected by heat 
treatment and would behave as a 
normal metal with a small amount of 
impurity. Heat treatment results in the 
development of a yield point, an effect 
first noticed in 1954. As Ellis pointed 
out, it increases the hot ductility in 
the longitudinal direction but does not 
help either the room temperature or 
transverse properties. 


Texture also affects ductility and 
increasing purity may reduce the flow 
stresses for prismatic slip at room 


temperature. Fracture in this region 
normally occurs by basal slip resulting 
in bend planes which cleave and im- 
proved properties would result if the 
flow stress for prismatic slip was not 
so much higher than that for basal 
slip. It was also argued that as both the 
slip systems have a direction of 
<1120>, real ductility cannot be 
expected without another system. 
Russian workers have noted pyramidal 
slip down to 200°C, and Gelles has 
recently observed it at room tempera- 
ture in a pure metal. 


Room temperature properties 

It is now untenable to assume that 
beryllium is inherently brittle as 
numbers of different workers have 
observed facts which preclude this. 
Lack of inherent brittleness merely 
indicates that isotropic fine grained 
pure metal will be ductile if such metal 
can be produced. There was plenty 
of discussion of the ‘ ductile-brittle 
transformation,’ a description which 
recalls the situation in steels and is, 
therefore, misleading as some effects 
differ. Petch thought that at the transi- 
tion temperature (about 200°C), there 
was a change of mechanism of cleavage 
crack formation and propagation. The 
correlation of AWRE results with 
Stroh theory might be due to a tem- 
perature dependence of dislocation 
locking. The transition was affected 
by structural changes. Fine grain metal 
is difficult to obtain. Cast metal must 
be re-crystallized after heavy warm 
work and heat treatment may assist 
this. Even so, a grain size of only 
35 u is obtained and calculations suggest 
that 12 is necessary to depress the 
transition to room temperature. Fine 
grained metal can be produced by 
powder metallurgy but it contains 
substantial amounts of oxide. Neverthe- 
less it has better room temperature 
elongation than cast metal. The old 
argument that oxide causes brittleness is 
untenable, for a number of reasons. 
It is below the ‘ ductile-brittle trans- 
formation temperature’ that metal 
fabricated from powder has better 
elongation. 


A notable contribution by Ivanov 
described Russian work on distilled 
beryllium of 99-6% purity. Sheet could 
be cold rolled 20% provided the metal 
was never removed from vacuum. 
This latter aspect was emphasized as 
distilled metal is chemically very active. 
It is very highly orientated and the 
mechanical properties were correspond- 
ingly anisotropic. The ‘c’ lattice para- 
meter was smaller than the generally 
accepted values, a fact confirmed by 
British workers. Wilsdorf demonstrated 
that impurities definitely pin disloca- 
tions. 
















There is a need for an improvement 
in triaxial ductility. The high elongation 
sheet made by Kaufmann had poor 
bend properties and he now assesses 
ductility by a bend test with a width to 
thickness ratio of 20 to 1. Narrow sheet 
bends easily. AWRE workers favour a 
cupping test and notable success has 
been achieved with it. Some of the 
American papers on uses in missiles 
demonstrate that bending of wide 
sheets is also possible. Triaxial ductility 
has also been shown in fuel cans which 
were deformed by the fuel inside them 
swelling. Robinson reported that heat 
treatment at 1000°C improved bend- 
ability even though it reduced elonga- 
tion. AWRE workers measured both 
thickness and width strains in tensile 
tests on sheet and where the former was 
high, good cupping properties had 
always coincided. Eaton’s sheet made 
from arc-melted ingot had larger 
Strains in the thickness direction than 
sheet made from powder and as every- 
thing else seemed similar, direct fabri- 
cation seemed better. Powder fabricated 
material can be made finer grained and 
in this comparison no advantage was 
taken of this factor. 


Application in reactors 

There were six papers in the com- 
patibility section, two dealing with 
solid phase work. Air oxidation at 
above 930°C showed that there was an 
induction period preceding a linear 
rate. Russian work showed that alloy- 
ing gave no significant improvement. 
The three papers on CO, oxidation 
showed that breakaway is still an 
unsolved problem although Smith 
reported that in Australia pre-oxidation 
of powder by oxygen improves matters. 
AEI claimed that calcium additions 
assist. 

There were five papers on irradiation. 
Below 500°C, a dose of 6 10*° nvt 
(>1 MeV) which is roughly equivalent 
to 7000 MWd_t in a fuel can and which 
produces about one cm* of helium 
per cm®* of metal, causes hardening and 
a reduction of elongation. At above 
about 700°C irradiation causes swelling 
although several workers reported the 
presence of bubbles at much lower 
temperatures. These might be nucleated 
co-operatively with bubbles formed in 
creep and lead to the development of a 
leak path. Weir actually carried out 
in-pile creep tests. Irradiation reduced 
the creep strength but the results are 
not really discouraging. 

There were six papers on * Metal- 
lurgical considerations ’, most of which 
concerned tube fabrication methods. 
The two methods of hot or warm extru- 
sion were discussed in considerable 
detail. The session on application of 
aircraft was of interest in demonstrat- 
ing the progress made in America and 
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for emphasizing that the problem of 
consistency of properties is still un- 
solved. The American paper by McClung 
on non-destructive testing was notable, 
as was the Australian one by Alder on 
uses in high temperature reactors. 


Metal preparation and 
fabrication 

There were four papers on prepa- 
ration of pure metal, but although 
progress is being made in this field, the 
most notable fact was the statement by 
Herman that pure metal has a lower 
flow stress for basal slip and lower work 
hardening characteristics. There were 
five papers on alloys. Gelles showed 
that the high temperature (-phase 
could be held down to 1080°C by 
alloying with 35 wt—°, nickel. This 
has little practical application and 
indeed it now appears unlikely that the 
high temperature transformation in 
beryllium will be of practical assistance. 
Ductile alloys in which the beryllium 
is surrounded by a second ductile phase 
have been successfully developed in 
America, but their usefulness has yet 
to be proved. Beaver summarized a 
wealth of data on alloys showing in 
particular the considerable degree of 
high temperature strengthening which 
is possible. 

An argument developed between the 
powder metallurgists and those favour- 
ing direct fabrication from _ ingot. 
Consumable electrode arc melting which 
has been developed in Britain and 
France—Vaché claims to have produced 
a 750 lb ingot—produces a more 
reliable casting of finer grain size than 
induction melting. This process should 
with some exceptions be cheaper than 
the powder route although Berry 
claimed that fuel element cans were an 
exception. The question of consistency 
will decide the economics and arc 
melting has yet to be proved. Vacuum 
hot pressing is a highly developed and 
reliable process and billets up to 
11,000 Ib in weight have been produced. 
Beaver agreed that arc melted metal 
had a lower oxide content but pointed 
out that in America they wanted a finer 
grain size than could be produced in 
this process and actually required the 
oxide for high temperature strength. 
Eaton mentioned the advantages of 
electron beam melting and claimed 
that by control of focus and power, fine 
grained metal could be _ obtained. 
Farthing, whose paper explained the 
disadvantages of loose sintering, said 
that aluminium content seemed very 
significant in this process. 

The mechanical test results on tubes 
4 ft dia. by 2 ft high, made by indirect 
extrusion by Cieslicki, were notable 
for the high elongation in the tangential 
direction. Evidently considerable radial 
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work took place. The four papers on 
forging indicated the progress being 
made in this direction. Hayes and 
Yoblin described how on trial piec:s 
they now only allowed a machinirg 
allowance of 0-030 in although in pro- 
duction they allowed 0:093 in. Thcy 
mentioned the forging of domes 20 in 
dia. by 1 in thick by a multiple blo. 
technique and the development of rirg 
rolling. Taking a billet vacuum hot 
pressed from 172 powder containing 
2-5-3% BeO, they obtained a UTS of 
100,000 Ibf/in?, a yield stress of 75,000 
Ibf/in? and an elongation of 20°.. 
Direct sheath forging of powder is less 
reliable. 

There were six papers on joining. 
Brazing is satisfactory provided long 
times at temperature are avoided either 
in brazing or in operation as unbalanced 
interdiffusion leads to porosity on the 
beryllium and poor mechanical and 
oxidation properties. Electron beam 
welding has advantages over arc welding 
particularly as the strength of welds is 
very dependent on grain size. Current 
control is necessary to achieve fine 
grain size. Spot welding is undesirable 
as it produces a re-entrant design with 
a cast structure, but up to 25,000 spots 
have been put into some honeycomb 
structures. Forge and resistance butt 
welding are better and good structures 
can result from pressure welding below 
the melting point. 

Johnson described the production of 
a longitudinally finned tube with con- 
trolled texture at the base of the fins 
using a variety of methods including 
round die extrusion with shaped steel 
pieces outside the beryllium. 


Conclusions 

Beryllium as a nuclear material has 
four principal disadvantages. It is toxic 
and high priced. Careful control as 
described by Crossley reduces toxicity 
worries and large scale production 
which is now approaching in America 
has reduced prices. Bass said that raw 
beryllium production had _ increased 
from 50 Ib/month in 1942 to 55,000 
lb/month now. Since 1957 the average 
price of fabricated shapes had come 
down from 300 to 150$/lb and he 
expected this process to continue. 
The situation in Britain is not so good 
as the amount of beryllium in the 
AGR is now very small and alloying 
will probably be necessary to produce a 
satisfactory material. Beryllium is brittle 
and difficult to fabricate. The conference 
demonstrated that increasing knowledge 
has meant that these factors can be 
reduced. Fortunately as Berry said, 
beryllium has never been a ‘ wonder 
metal’ and its difficulties are now 
becoming better understood. The ageing 
aspects of commercially pure metal are 
of considerable importance. 
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Ti development of programmes to predict the effect 


of juel and absorber disposition is a major necessity 


Selecting a fuel cycle 


for magnox reactors—2 


by N. L. FRANKLIN, B.Sc., M.Sc., Ph.D., Technical Director, A. JOHNSON, 
B.Sc., and E. CLOUGH, B.Sc., Production Group, UKAEA, Risley 


‘tm rYPE OF INFORMATION On which a fuel cycle depends 
was discussed last month. This concluding article describes 
the various fuel cycles available to magnox reactors. 


Batch discharge schemes 

The Calder and Chapelcross reactors operate on a batch 
discharge basis. Furthermore, for normal production pur- 
poses, the period of irradiation is sufficiently short that 
minimum reactivity conditions occur when the reactor has a 
new charge of fuel. Nevertheless, some fuel cycle problems 
arise. 

So far as logistics are concerned, if the objective of reactor 
operation were to produce a single grade of plutonium then 
minimum fuel consumption would result if all channels 
were withdrawn at the same irradiation. In practice, the 





The period since major reviews of fuel cycles has been one 
in which detailed predictive programmes have been 
developed and tested on reactors and data collected from 
irradiation trials and other studies. However, in attempting 
to indicate the considerations in the case of magnox reactors 
a few important general principles emerge. 

|. For an operating reactor, flexibility of enrichment 
and thus reactivity margin is desirable if the capital invest- 
ment and fuel is to be used to the best advantage. 

2. Schemes are available which would give better fuel 
utilization for the first charge than the equilibrium fuel 
cycle and which could give cost savings £1 million per reactor, 
They depend, however, on assurances which cannot be 
available to the first magnox reactors. 

3. The main field of work for fuel cycle analysis is the 
development of practical predictive programmes. 











shutdown time for fuel replacement consists of a fixed 
component plus a second part which is broadly proportional 
to the number of channels of fuel to be discharged. In addi- 
tion, the total shutdown must be long enough to permit 
certain scheduled maintenance operations to be undertaken. 
Thus, even to meet the simplified production objective 
quoted above there would be an optimum batch discharge 
procedure involving the division of the total charge into one 
or more zones. 

Problems associated with the overall flux and power 
distribution in these reactors are also encountered. The gags 
have fixed characteristics and can only be replaced (at 
significant cost) when fuel is removed. Thus, except for experi- 
ments on small numbers of channels the coolant flow distri- 
bution is fixed. As a result of the batch discharge system and 
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the consequent time dependence of fuel characteristics, the 
radial flux and power distribution and the overall reactivity 
of the system change with time. The reactors are, of course, 
operated in accordance with a fuel temperature criterion, 
and the region in the reactor at which this criterion is limiting, 
changes with time as the flux and power distribution varies. 

In addition, the increase in reactivity must be taken up 
progressively by inserting the control rods with a consequent 
distortion in the axial flux distribution. This latter has the 
effect of moving the position of T,,, progressively down the 
fuel channel. The combined effect of the three dimensional 
changes in flux and power distribution is to reduce the power 
output which can be obtained from a reactor subject to 
fixed fuel temperature criteria. This reduction starts after a 
few months operation and is progressive. It can be prevented 
by addition and redisposition of absorber at the cost of a 
reactor shutdown, or, given sufficient skill, by the differential 
insertion of control rods. 

The relative merits of these procedures, or of suffering the 
small but progressive loss of power with no absorber adjust- 
ment, depend upon the frequency with which shutdowns 
for other causes, e.g., fuel failure, can be expected, and the 
degree of confidence that changes made in absorber disposi- 
tion will, in fact, result in a more favourable temperature 
distribution within the core. 

This latter leads to the need for a method of predicting 
the flux and temperature distribution channel by channel 
within the core, the effect of absorbers of various strengths, 
empty channels and systematic perturbations in channel 
coolant distribution. Similar requirements arise in the formula- 
tion of the fuel operating temperature criterion which is 
based essentially upon the postulated outcome of a particular 
class of transient. The margin allowed for errors of inference 
need not be so great if the method of inference from tem- 
perature measurements to temperature distribution can be 
improved. For these reasons, a parallel experimental pro- 
gramme of temperature measurement in various neighbour- 
hoods within the core has been undertaken, in addition to 
the development of a predictive computer programme. 

It is possible that a batch discharge system with reactor 
shutdown could be adopted for a civil magnox reactor, but 
additional problems related to the higher levels of fuel 
irradiation and resulting reactivity changes would certainly 
arise. 

The most credible cycle would be one in which a fraction of 
the fuel was discharged at regular intervals, perhaps yearly. 
The fraction would vary in different regions of the core. 
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To maintain a reasonable availability, the rate of handling of 
fuel during the shutdown would have to be about 10 times 
that for equivalent on load refuelling or 40-50 channels 
per day. Such rates have been exceeded at Calder and Chapel- 
cross, albeit in facilities designed for off load operation. In 
addition, if fractional batch discharge is to smooth out 
most of the reactivity variations of batch operation, it is 
necessary to remove a fraction of the fuel channels in each 
chargepan at each shutdown. This means that every stand- 
pipe must be visited during the discharge—a procedure not 
conducive to high rates of handling. 

The overall utilization of the fuel is likely to be worse in 
the batch discharge system. Even if it is assumed that failed 
fuel will be discharged at power (with the need to provide 
appropriate machinery), it would be inconsistent to adopt a 
fuel cycle where any appreciable fraction of fuel was so 
discharged. This would require the adoption of a lower 
target irradiation that would be acceptable for the same fuel 
with on-load fuel handling. 

With overall reactivity changes, the worse effects are 
avoided if refuelling is 12-monthly. A typical reactivity 
transient is shown in Fig. 3 (curve A). Local changes in 
flux distribution are minimized by arranging that each frac- 
tional batch discharged is distributed throughout the whole 
charge so that the local flux is determined by the average 
age of the fuel within the reactor. 


The equilibrium scheme and its approach 

To assist in providing steady operational conditions during 
the life of the reactor, a fuel cycle can be planned so that a 
few channels are refuelled every day at the same refuelling 
rate. If this procedure is started as soon as power operation 
commences, at a rate such that the last channel of the first 
charge is discharged at the target irradiation, there will be a 
distribution of irradiation in the reactor which will be rect- 
angular in form, lying between zero and the target irradiation. 
Further, if the discharges are made so that distribution is 
present in any small zone in the core, then not only will the 
core reactivity in theory be constant after the first charge 
lifetime, but the spatial variation of average reactivity will be 
negligible. This desirable stationary state is achieved at the 
expense of a 50% utilization of the first charge and at a cost 
of £1-2 million. 

Figures 3 and 4, curve B, shows a typical reactivity varia- 
tion for a core that is being discharged on an equilibrium 
cycle. After the initial transient a steady reactivity level 
results. It is then that most reactor designs are optimized. 
However, such a state will probably not be achieved in 
practice because the variations both in target irradiation and 
type of fuel element will result in a change in average reactivity 













levels with time. The random nature of the failure proc: ss 
will also cause a small superimposed reactivity variation d 1e 
to the nature of the failure distribution. Although the so- 
called equilibrium state is a useful concept to the reactor 
designer, it should be regarded by the operator only as a 
state when the reactivity perturbations are probably smal =r 
than those of other refuelling schemes. 

Because of the possible uncertainties in fuel performance at 
the on-power date of a reactor and of the economic premiun 
against over-optimism, it might be necessary to adopt a 
conservative irradiation target at the outset and revise this 
target as confirmation of fuel performance becomes availab.e 
from irradiation trials and the reactor itself. This type of 
cycle does not lead to an equilibrium age distribution in the 
fuel but the reactivity transients produced are small. Figure 5 
illustrates very approximately the case of an initial target 
irradiation of 1700 MWd/t with a three year residence time 
restriction being increased by 250 MWd/t and six months 
for each elapsed six months after the on-power date. The 
maximum irradiation target is taken as 3000 MWd/t and 
five years residence time. 

The waste of one half of a charge of fuel seems to be a high 
price to pay for quasi-steady conditions; several other 
schemes have been suggested in order to reduce this loss, 
but all of them cause larger fluctuations in reactivity and 
require the refuelling machine to work at a higher rate than 
that required for the equilibrium scheme. 


Delay schemes 

If instead of commencing refuelling operations as soon as 
power operation begins, these are delayed fora period of Jp and 
then undertaken ataratesufficient to discharge the last channel 
of the first charge by the time the target irradiation JR is 
reached, then the mean irradiation of the first fuel charge 
will be (/p + JR)/2 instead of Jp/2, a gain of Ip/2. The refuel- 
ling rate will require to be faster than the equilibrium rate 
by Jp/UrR—Ip). The irradiation distribution will be upset 
and any attempt to reform it to the equilibrium condition 
will, to a first approximation, cause the cancellation of any 
gains made. Consequently, delay schemes must be perpetuated 
if any gains other than those of delayed expenditure are to be 
sustained. The disturbance of the irradiation distribution also 
causes a reactivity transient that is only very slightly damped 
by the different phasing of discharges in various regions of 
the unflattened zone. Figure 4, curve A, shows a typical 
reactivity transient for a delay of 500 MWd/t ona 3000 MWd/t 
cycle. The gains in fuel usage from the delay would be offset 
by the power loss caused by the reactivity losses if the reactor 
had been gagged to the equilibrium flux distribution and if no 
reactivity margin were available. However, the power losses 
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Reactivity transients for (A) partial bulk 

discharge scheme, (B) equilibrium scheme 
0-3000 MWd/t (Fig. 3) 
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Reactivity transients for (A) repeated 
delay scheme, (B) equilibrium scheme 
0-3000 MWd/t (Fig. 4) 
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Reactivity transients for (A) varying target 
irradiation scheme, (B) equilibrium scheme 
0-3000 MWd/t (Fig. 5) 
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do not start to arise until the latter part of the first fuel cycle, 
so that time would be available to make reactivity adjust- 
ments by enrichment. Given this additional freedom, delay 
schemes can have economic advantages. 

More sophisticated delay schemes with different delays in 
flattened and unflattened zones have been considered from 
time to time. The usual difficulty is the sensitivity of such 
schemes to assumptions about the fuel failure distribution. 
If, for example, some outer zone of the core is left for some 
years without any fuel discharges because the channel rating 
is low and if it then transpires that the failure mechanism 
involved is time rather than irradiation dependent, a sudden 
onset of fuel failures could lead to a considerable reactor 
shutdown until the zone was refuelled. The resultant losses 
would far exceed the savings achieved by improved fuel 
utilization. When sufficient data are available to allow delay 
schemes of this type to be justified for magnox reactors, it is 
likely that the types of reactors being commissioned will no 
longer have magnox fuel. 


interchange schemes 

If the individual elements of the fuel charge can be inter- 
changed within the reactor, it is theoretically possible to avoid 
any reductions in fuel utilization which derive from the non- 
uniformity of the flux. It is also possible to use the non- 
uniformity in a positive way to develop the irradiation age 
distribution without fuel withdrawal. Fuel elements are only 
likely to be interchangeable if they are similar. It is not clear 
whether the future courses of development will be towards the 
design of fuel for particular environments with several kinds 
of elements in each reactor and with interchange made 
impracticable, or whether safety arguments for a single kind 
of element will prevail. 

1. Axial interchange If the irradiation of the fuel in the 
reactor is limited by a level below which reactivity cannot be 
provided, then axial interchange, i.e., the repositioning of 
elements such that the end elements in a channel replace the 
centre ones, etc., then reactivity can be gained and the irradia- 
tion can continue. This is because fuel elements with high 
irradiation and low reactivity values are put into regions of 
low statistical weight. It can be shown that to gain the maxi- 
mum advantage with this scheme, inversion must take place 
when the mean irradiation of the channel is half the final 
reject level. Increases in fuel utilization of up to 20% can be 
obtained with this scheme. But similar increases, on the same 
assumptions of a reactivity limit, could be secured by enrich- 
ment variation. Accordingly, the comparison is between 
enrichment costs and any reduction in physical lifetime of the 
fuel consequent upon the handling operations, or upon the 
changed environment in which the axially inverted element 
finds itself. There may also be a question of feasibility from 
the fuel handling viewpoint. Axial interchange is unlikely to 
be used until experimental data has been obtained to indicate 
its effect upon fuel element life. 
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2. Radial interchange This type of scheme requires the 
fuel in the outer zones of the reactor to be interchanged with 
those in the more highly rated central regions. Such a scheme 
can be used to achieve the same ends as those sought by 
axial interchange, though somewhat less effectively. Its main 
advantage derives from the possibility of using the scheme 
during the life of the first fuel charge to contribute to the 
development of the fuel irradiation age distribution without 
discharging fuel from the reactor. If no fuel is discharged 
until the flattened zone reaches the target irradiation and if, 
by that time all fuel has been subjected to a radial interchange, 
it is easily shown that the utilization of the first charge 
can be improved from 50% for the equilibrium scheme to a 
figure approaching 75%. Such an improvement might be 
worth £1 million per reactor. 

The effect upon available reactivity and reactor flux 
distribution of this scheme is similar to that of a delay scheme 
but less severe for a given economy of fuel. The scheme has 
the advantage, by comparison with axial interchange, that the 
environment of the fuel is less affected by the change; but its 
main advantages can only be achieved if it is applied in the 
life of the first charge when experience of fuel and fuel hand- 
ling machinery performance is a minimum. 


Failure dominated fuel cycles 

If the physical life distribution of fuel elements has a spread 
which is a significant fraction of the mean life of the fuel, 
and if it is permissible to allow failures to develop in a large 
proportion of the fuel elements, then it is credible that a fuel 
replacement scheme could be put into practice in which all 
or most channels of fuel were withdrawn after failure. The 
general problem has analogies in other industries and has been 
studied. The problem has additional interest in the particular 
case of reactor refuelling because there are associated pro- 
blems of reactivity changes and of the requirements for fuel 
handling capacity; some studies have been made of these 
effects by the methods of Part | and using a form of distribu- 
tion based upon that observed for cavitation failures in early 
Calder fuel. For the specific example a ‘ normal’ failure 
distribution mean 2500 MWd/t, standard deviation 500 
MWd/t with no time dependence of failure was assumed. 
The mean weekly fuel replacement rate is shown in Fig. 6. 
In practice, such rates would be subject to statistical fluctua- 
tions which, if independent, can be treated on the basis of a 
Poisson distribution. The rapid damping of the fuel replace- 
ment rate is paralleled by a similar behaviour of the available 
reactivity. 

The very satisfactory performance of fine grain magnox 
fuel in irradiation trials, with respect to cavitation failure, 
suggests that the ultimate mechanism of failure for civil 
fuel is now less certain and any useful study of failure-based 
fuel cycles must await the onset of systematic failures in 
civil fuel elements. If such failures occur, for example, by 
creep under aerodynamic or bowing forces, the random com- 
ponent of their incidence is likely to be small. It would then 
be necessary to achieve an age distribution in the fuel by 
deliberate discharge before adopting a failure based discharge 
scheme. The failure based scheme is then essentially one of 
the previous schemes with a small stochastic element. 
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A large analogue computing installation 


by T. O. JEFFRIES, M.A., D.Phil., A.dnst.P., C. B. NEWPORT, B.Sc., Ph.D., A.M.LE.E., H. A DARKER, 
4.M.I.E.E., R. A. FLINT, A.M.1.E.E., Atomic Power Division English Electric Co. Ltd 


HE USE OF ANALOGUE COMPUTERS for solving transient 

problems has become well-known during the last decade. 
It is particularly valuable for the study of systems which are 
not accessible for experiment and the equations describing the 
system are known but are too complicated to admit analytic 
solution. Inability to carry out experiments is generally due 
to one or more of three factors: (a) The system has not yet 
been built. (6) The system is costly and cannot be spared for 
experiment. (c) The region in which experiments are required 





A COMPUTER FOR NUCLEAR STUDIES 


Saturn is a general purpose analogue machine specifically 
designed for nuclear power station studies. It is divided into 
six computers each containing 252 amplifiers and an appro- 
priate amount of non-linear equipment. Electronic units are 
in an air-conditioned room on the first floor above the 
Control Room. Six control panels containing 5120 point 
detachable patchboards, 600 10-turn coefficient potentio- 
meters per computer, recorders and multiplier and amplifier 
fault indicators are housed in the Control Room. Digital 
voltmeters are provided as well as automatic punch-out of 
amplifier voltages and digital initial conditions setting 
equipment. 

Reliability has been ensured by paying considerable 
attention to routine preventive maintenance. Details of this 
are given together with fault statistics. Methods of checking 
the computer are described together with their possible 
extension. Typical problems examined by Saturn are also 

described. 
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is potentially dangerous and the information is required to 
avoid operating the system in that region. 

All three of these factors apply in the case of a nuclear 
reactor. Because of the need to thoroughly understand the 
dynamic behaviour of a large civil reactor before operation 
it was decided in 1957 to construct an analogue computer 
capable of dealing adequately with the largest problem at 
that time envisaged. On the assumption that certain sym- 
metry conditions would always hold and that the reactor 
would be adequately represented if all relevant parameters 
were calculated for each cubic metre of core, about 1500 
operational amplifiers appeared necessary. 

Since then, the situation has changed appreciably and 
with the advent of spatial instabilities, not all the original 
assumptions are now justified. However, the value of our tool 
is thereby rendered greater than before and more than 80°% 
of the installation is currently in full-time use with no indica- 
tion of any slackening in the demands for computer time. 


MACHINE DESIGN 


The basic design of Saturn was governed by a number of 
restrictions. Firstly, it was decided that in an installation as 
large as this any thoughts of fixed circuit simulation should be 
abandoned and that a truly general purpose machine be built. 
The wisdom of this decision has been justified as the nature of 
the problems has changed considerably during the con- 
struction time of three years. Secondly, it appeared desirable 
to sub-divide the installation into smaller units to cater 
economically for problems not requiring the entire computing 
capacity of the installation. (This has the incidental advantage 
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chboards are of a manageable size). Thirdly, the 


Col had to be fitted into a building which was then being 
cc cted. The position within the building was not defined, 
he r, and there was considerable scope for different types 
of yut. The final layout is somewhat unorthodox but has a 
number of marked advantages over others considered. 
Fx ly, in a large machine, small economies in individual 


uniis lead to a large nett saving in the whole installation and 
considerable attention was paid to this point. 

A\l operational units are housed in one large temperature 
stabilized Electronics Room immediately above the Control 
Room. This arrangement has the merit of compactness. It 
also allowed a considerable amount of independence in the 
initial construction so that Electronics Room and Control 
Room frameworks and panelling could be worked on in 
parallel. 

Within the Electronics Room are nine bays, each bay being 
constructed from eight horizontal racks of electronic equip- 
ment, mounted one above the other. One of these racks is 
shown in Fig. 1. It is constructed from three trays which are 
separately supported by the vertical stanchions in the Elec- 
tronics Room. One tray holds seven operational amplifiers in 
compartments at the front, and a number of heavier units 
(multipliers, stabilizers, etc.) in larger compartments at the 
rear. The basic idea was to provide all necessary metalwork 
in large units (the trays), with plug-in operational amplifiers 
having a minimum of metalwork associated with them. 
This leads to a substantial reduction in cost since all amplifier 
components can then be mounted on one printed circuit 
board which is bolted to a single piece of metal which acts as a 
handle, locating device and support for the board. 

The trays were wired in groups of three by a sub-contractor 
and were then transported to Whetstone where they were 
bolted in position. The attached bundle of 21, 49-way cables 
was passed through a hole in the floor to the Control Room 
below where all ends were cut to length, terminated by a 
crimped taper-socket and attached to a junction board. 

The use of a junction board in the Control Room has proved 
invaluable though at first it seemed to mean introducing 
unnecessarily some 200,000 unsoldered terminations in our 
signal wiring. In practice, very few faults have occurred here 
and detailed design of Control Room units has been un- 
hampered by preconceived ideas of lead destinations. In 
fact, much of the Control Room circuitry was only designed 
after the Electronics Room equipment was installed. 

This layout gives a total number of 1512 operational 
amplifiers, and with nine bays upstairs, the installation could 
conveniently be divided into three, six or nine separate 
computers. Six was chosen since this allowed adequate control 
room space for each computer, not too great a multiplicity 
of Control Room units and not too large a number of ampli- 
fiers per computer, bearing in mind our previous computing 
experience. A photograph of the control console for part of 
the computer is shown in Fig. 2. 

The Electronics Room is kept at an approximately constant 
temperature of 85°F by circulating air. Two large blowers, one 
for intake and the other for extraction, are at the end of this 
room together with a heater bank. Thermostatically controlled 
louvres govern the amount of recirculation or fresh air intake. 
Thus the ambient room temperature is unaffected by the 
number of computers operating. The design of the trays 
ensures good cooling of the amplifiers and computing 
components. The air circulation is such that the peak load of 
the installation of about 100 kW is removed with about a 
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10°F rise in temperature of the coolant. Fire protection is 
provided by smoke detectors and an automatic carbon dioxide 
extinguishing system. 

The d.c. power supply for the installation is provided by 
bulk rectification using a twelve phase germanium rectifier 
followed by local stabilization within each rack. The positive 
and negative supply stabilizers are mounted at the rear of 
each rack and supply the necessary power for 21 amplifiers 
and an appropriate number of other units mounted in the 
rack. The stabilizers dissipate about 300 W each and forced 
air cooling, using air from the main stream, is used. 

The 250 V a.c. supply to the heater transformers is provided 
from a motor driven Variac type stabilizer. The local trans- 
formers are at the rear of each tray in order to keep the length 
of heavy current wiring to a minimum. It has been arranged 
that the heater supply can only be turned on slowly in order to 
limit the surge current and the possible heater damage. 

Hour meters provide a record of the total time for which the 
a.c. and d.c. power supplies have been in operation. 


SYSTEM DESIGN 

The detailed design of the installation is based on the-fact 
that one man must be capable of controlling each computer, 
with the minimum of assistance, and that he must be able to 
appreciate immediately any faults which would lead to 
computational errors. This philosophy implies a central 
control desk on each machine with a patchboard to inter- 
connect the computing units, suitable switching to determine 
their mode of operation, and comprehensive fault indication. 

The detachable patchboard has 5120 points and provides 
connexions to the inputs and outputs of each computing 





General layout of electronics room rack (Fig. |) 


A positive H.T. stabilizer; B negative H.T. stabilizer; C heater supply unit; 

D triplex feedback unit; E 8 pot multiplier unit; F 2 x 4 pot multiplier unit; 

G zero setting unit; H duplex feedback unit; J amplifier; K computing board; 
L cable space 


component. The input and feedback components of the 
amplifiers are all in the Electronics Room for temperature 
stability and minimum capacity on amplifier virtual earth 
points. Amplifiers are provided with three, five or nine inputs 
having fixed precision gains of 1 or 10 and special inputs for 
use with servo-multipliers. 

The three-input amplifiers are only available as summers, 
while the five and nine input amplifiers are available as 
summers or integrators, the particular function required being 
selected by a switch in the Control Room. Some five and nine 
input amplifiers are also available with the gains reduced by a 
factor of ten and others may have the feedback components 
entirely removed. Non-integral gains are obtained by using 
the 600 coefficient potentiometers available in the Control 
Room on each computer. 

For the solution of non-linear problems, components such 
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Control and monitoring consoles for two sections of the 
computer (Fig. 2) 


as function generators, triggers and limiters are required, and 
since these vary widely from one problem to another it is 
difficult to standardize on these units or to place them fully 
under the control of operating personnel. Twenty-four 
amplifiers per computer (about 10°) are therefore made 
available for the installation of non-standard input and feed- 
back components. The required components are specified by 
the operators and installed by the maintenance personnel. 
They may then be checked, but not modified, from the 
Control Room. The servo-multipliers are wired to the patch- 
board and so are directly available to the operators. 

The preparation of the machine for the solution of a 
problem can thus be undertaken entirely in the Control Room, 
with the possible exception that up to 10% (usually much 
less) of the Electronics Room units may need to be changed. 

The monitoring facilities in the Control Room provide 
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indication of the failure of any power supply in either of t!e¢ 
two rooms, and points are available at which technicians 
may measure any of the power supply voltages. Extensi:e 
safety interlocks are also incorporated. For convenienc:, 
connexion to all amplifier outputs are grouped on the contr: 
panel where they may be monitored on the digital voltmete -. 
The output of the drift correcting section of each amplifier s 
connected to a trigger circuit which operates a neon lamp o1 
the control panel when the amplifier reaches the limit of line< 
computing. Group flashing indicators, and a ‘clear’ pus. 
button are included so that amplifier saturation or failure 
may readily be detected. A small oscilloscope for monitorin z 
the amplifier noise also provides a convenient indication cf 
the state of each amplifier. 

Multipliers are monitored by providing meters which 
indicate the magnitude of the voltage across the servo-motor 
and thus give an indication of the rate of rotation of the serve 
Since the meter deflexion is unidirectional, it provides a usefu! 
indication of any dither or instability. An electronic end-stop 
unit clamps the multiplier when the slider of the position 
potentiometer passes the end of the resistance track. 

In designing the wiring layout it was realized that the exten- 
sive screening employed would give considerable capacitance 
to earth. The average capacitance for a lead running from the 
patchboard to the Electronics Room is about 0:002uF. Fo: 
an input lead, the effect of this capacitance will depend on the 
impedance from which it is fed. In the worst case this will 
produce a time constant of 5x 10-*s which is of the same 
order as the amplifier time constant due to the permanent 
50 pF feedback capacitor and is quite negligible at normal 
computing frequencies. The cable capacitance might contri- 
bute to instability if a high gain feedback loop were used and 
care would have to be taken to reduce the number of co- 
efficient potentiometers and to arrange for those used to be 
set towards the end of their range. 

To reduce the machine noise two independent earthing 
systems are used, one for power returns and one for signal 
returns. These are heavy copper bus bars varying from } in 
3} in to lin 
the power earth bus bars but with the signal earth returns it is 
imperative that the loop area is kept to an absolute minimum 
to reduce inductive pickup. To achieve this there is one 


A 


(below) computing amplifier and (left) 
computing amplifier circuit diagram 
(Fig. 3) 
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{ in. No special care is needed for the siting of 
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ial earth bus bar for each computer at the main 


jui oard. Almost all signal leads radiate from this 
ju soard, which is located in the Control Room, and 
the is over the signal leads act as the earth return for 
eat mputing unit. Thus the earth returns are essentially 
cot with the signal leads so giving zero loop area for 
pic it is impossible to maintain this condition completely 
bet , the main junction board and the patchboard but since 


the distance is only about 5 ft the pickup obtained is quite 


Out of the computer, the amplifier noise is less than 0-4 mV 
r.m.s. and in the computer with 1 MQ feedback and no inputs 
it rises to about 1-1 mV r.m.s. measured in the Control Room. 
With the standard five inputs earthed at the patchboard this 
increases to about 7 mV r.m.s. The net input gain in this 
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Cathode follower circuit diagram (Fig. 4) 


condition is about 15-2. For an integrator with a 1 uF feedback 
capacitor and the standard five inputs the noise is down to 
about 0:5 mV r.m.s. 


LINEAR COMPUTING UNITS 


The computing amplifier 

The Saturn d.c. computing amplifier is a zero-drift corrected 
unit employing the conventional parallel combination of one 
d.c. channel and one a.c. channel. In addition to the normal 
requirement of high gain, low drift and low input current, it 
was necessary to design for high capacitive load due to relatively 
long output leads; low power consumption; high reliability; 
rapid balancing and minimum cost consistent with the other 
requirements. 

The high capacitance load is accommodated by providing 
sufficient phase advance of the output signal, though at the 
expense of high frequency response. Balancing is performed by 
switching the computer into the *‘ Zero Set ’ mode. A micro- 
switch is then operated on each amplifier in turn to connect the 
output to a high gain transistor amplifier which operates two 
indicating lamps. One or other of these lamps is energized if 
the amplifier output voltage exceeds +100 uV, and it may be 
brought within this range by a potentiometer adjacent to the 
microswitch. The complete operation of zero setting a com- 
puter takes about half an hour. 

Reliability has been achieved by the use of high quality 
components operating well within their specified range; by 
designing so that predictable drifts in component values did 
not affect performance; by employing local negative feedback 
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Servo-multiplier, 
duplex unit (Fig. 5) 





where possible and by using entirely special quality valve 
types. The 50 cycle electromechanical chopper has caused most 
failures to date but modifications to this are in hand and are 
expected to give considerable improvement. Details will be 
given next month in the section on fault statistics. 

A photograph of the amplifier and a circuit diagram are 
given in Fig. 3 from which the simplicity of its mechanical 
construction is apparent. The use of silver plated copper blades 
fixed to the board for making connexion to the socket in, the 
amplifier rack has eliminated possible troubles due to the 
lifting of the printed circuit at the edge of the board and the 
alternative necessity of having to wire a more conventional 
connector to the board. 

The transfer function of the amplifier is approximately: 

Vom m(1+ pT.) 
where m=6x 10’, T,=20 s, T,=10- s and 7;=3x 10" s. 

The effective grid current of the amplifier is 4x 10-" A, the 
long-term drift less than +50 uV and the noise and ripple 
less than 400 uV, both these latter being referred to virtual 
earth. 

High tension power consumption is 16-2 W and a maximum 
output power of | W is available. 


The cathode follower 

To provide higher output power when necessary a cathode 
follower unit was designed with a maximum output of 5 W. 
This plugs in a standard amplifier socket and when in use, 
follows a computing amplifier in the circuit, the feedback 
components being connected from the output of the cathode 
follower to the computing amplifier input. 

A special feature of this unit is the control of the current 
through the valves which constitute the cathode load, by 
means of the output voltage. This gives low anode dissipa- 
tions for a given output power, thus reducing the overall 
power requirements. The circuit is shown in Fig. 4. 


Feedback units 

Feedback units are mounted in each rack and provide 
components for two or three computing amplifiers, the units 
being termed respectively duplex and triplex. The duplex 
units contain two 10 uF capacitors and two 100 k® resistors, 
either capacitative or resistive feedback being selected by 
a switch in the Control Room which operates a relay in the 
unit. Triplex units are similar but have three sets of 1 uF 
capacitors and three 1 MQ resistors. 

Relays are also provided in these units to switch the 
integrating capacities to 0-1 or 0-001 of their normal value 
in order to increase the computing speed. All three values 
of the computing capacitor are maintained at the same 
voltage by switching them between the ainplifier virtual earth 
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and signal earth as required, the other side remaining con- 
nected to the amplifier output. Thus time scale changes can 
be made during a computing run without introducing spurious 
transients. 

Capacitors having a value of 0-001 of normal are not 
accurate and are intended solely for rapid attainment of a 
steady state. All other capacitors have an accuracy of +1 %, 
have polystyrene dielectric giving very low dielectric absorb- 
tion and a time constant greater than 2-5 10° and have a 
temperature cocfficient of about 0-015%/ C. At a later 
date it is intended to improve the accuracy of capacitors 
to +0-1%. 

Computing resistors 

Precision 100 kQ2 and 1 M®& resistors are mounted on 
printed circuit boards adjacent to the amplifiers. On three- 
input amplifiers two of the inputs are matched to 0-01 °, for 
accurate differencing of voltages. All other resistors on all 
the amplifiers are within 0-1°%. Since the temperature co- 
efficient of the resistors is 0-002°%/°C and the temperature 
variation of the resistors throughout the installation is less 
than 10°C adequate stability of gains during a problem is 
achieved. 


NON-LINEAR COMPUTING UNITS 
Multipliers 

The standard multiplier in Saturn is a servo-multiplier 
(see Fig. 5). This type was chosen as requiring least develop- 
ment effort, providing reasonable accuracy, adequate fre- 
quency response for reactor problems solved in real time and 
the facility of many multiplications by one variable within 
one unit. 

Each computer is equipped with 16 four-gang, 10 eight- 
gang and 4 fifteen-gang potentiome‘cr mul.ipliers, in each 
case one potentiometer being required for feedback. The 
multiplier consists of a transistor power amplifier driving a 
low inertia permanent magnet motor the shaft of which is 
attached to up to four banks of four gang low friction 
potentiometers via anti-backlash gearing. The unit is fed by 
a computing amplifier and feedback is taken from one of 
the potentiometers to the computing amplifier input. The 
potentiometers are protected against mechanical damage 
by an end-stop unit, shown in Fig. 6, which clamps the 
multiplier if the end of the track is traversed, and against 
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Servo-multiplier circuit diagram (Fig. 6) 
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electrical damage by a permanent 50 k{2 resistor in series with 
each slider. 

The block diagram of the multiplier with the relevant 
transfer function is given in Fig. 7. The resolution of the 
potentiometers is 0-05° and this defines the resolution of 
the multipliers. The accuracy of the multipliers is, however, 
only 0:5 % of full scale due to non-linearity and misalignment. 
This figure is achieved over the whole range on all the poten- 
tiometers by the insertion of small padding resistors in series 
with the potentiometer tracks. Loading errors are avoided by 
arranging that all sliders are connected into equal total 
loads of 500 k2. 

Function generators 

Ten section, biased silicon diode function generators are 
standard. These are wired on printed circuit boards and plug 
in to specified positions in the Electronics Room. The 
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‘Nuclear Power 
Servo-multiplier block diagram and transfer functions (Fig. 7) 


function generators are set up out of the computer. Appro- 
priate values of metal-film resistors are soldered to the 
boards and adjustment of break-points and slopes to match 
the function are then made by potentiometers mounted 
permanently on the board. A maximum of 12 function 
generators can be used in any section of the computer. 

As the metal-film resistors have a low temperature co- 
efficient of 0-002%/°C, setting up external to the computer 
is satisfactory and an accuracy of 0-5% is normally achieved 
with reasonably well-behaved functions. 

Triggers and limiters 

Trigger circuits consist of an operational amplifier with a 
non-linear feedback circuit arranged to energise a relay 
when the nett amplifier input becomes positive. Twelve such 
circuits are available in each computer. 

Diode bridge limiters are available at the patchboard, for 
connexion to any amplifier or other signal source. 


to be continued 
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GRO: «DO WORK—Computers 


Using “se analogue computer for 
reactor aesign analysis 

As the February issue Students article on 
the uses of computers pointed out, in- 
creasing complexity in nuclear design 
problems have made computing aids essen- 
tial. In the field of transient analysis, in 
particular, the analogue computer has 


extensive use. In this issue, Dr T. O. 
Jeffries, ef al. describe the large English 
Electric * Saturn ’ installation that is giving 
valuable service in the prediction of reactor 
behaviour. This general purpose machine 
actually comprises six computers employing 
as many as 1500 operational amplifiers and 
interconnecting patchboards with over 
5000 points providing connexions to the 
inputs and outputs of each computing 
component. 

The general purpose analogue computer 
is really a large collection of separate 
computing circuits, each selected to solve a 
particular problem and linked together by 
the requirement of the problem. The size 
of the computer may vary from an instal- 
lation smaller than any digital machine 
using a few components and solving a simple 
problem, to one as large as * Saturn’. In the 
English Electric assembly, for the solution 
of spatial instabilities in a gas cooled reactor, 
two of the six computers are employed using 
some 400 amplifiers. Heat transfer simula- 
tion on the other hand can be studied on one 
computer using up to 250 amplifiers. 

An analogue machine translates algebraic 


> or integro-differential relationships between 


the variables of a given mathematical 
problem into continuous physical quantities, 
observing or recording the dynamic or 
terminal conditions of these quantities to 


» obtain a specific solution for any given 
) initial conditions. Circuits combining a 


number of computing elements are therefore 
made to simulate these variable relation- 
ships. These components may multiply 


© variables by a positive or negative coeffi- 
» cient, sum two or more variables, give the 
» product of two variables, generate functions 
» of variables, or the time integral of a vari- 
» able. Such compuier components include: 
> high-gain d.c. amplifiers used in various 


forms for multiplication by a constant 


} coefficient, addition, integration and dif- 


ferentiation, servo integrators, e.g. for simu- 
lating poisoning equations, electronic func- 
tion generators, servo-multipliers or elec- 
tronic multipliers. 

To illustrate the point, we may choose 
a simple circuit, one that simulates the 
transient behaviour of a reactor, deter- 
mined for ranges of the reactor variables. 


» Mathematical model. The equations for the 
» neutron kinetics are: 


dN [3K-8)]N ~— 

e a fe oa > aits 
i=l 

dr; KQ,N 


Gp An tl. 


) These equations determine the increase or 


decrease of the neutron density in the reactor. 
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8K is derived from other equations and 
includes the effects of the control system, 
temperature, poisoning, etc. on the neutron 
multiplication factor. 

Symbols. N neutron density; K effective 
neutron multiplication factor; 8K small 
increment in K; S neutron source; / mean 
life of neutrons; 8 total fraction of delayed 
neutrons; 8; fraction of neutrons from the 
ith group of delayed neutron emitters; 
A; decay constant of neutrons from the 
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Computer circuit used for calculating 
change in neutron density (Fig. !) 


ith group of delayed neutron emitters; 
r; concentration of neutrons from the ith 
group of delayed neutron emitters. 

Use of the computer. This set of equations 
may be simplified by the elimination of the 
r; value. The resulting single equation may 
be set up on the computer using one ampli- 
fier and one electronic multiplier (Fig.1) 
Further equations for the control system, 
heat exchangers, thermodynamics, etc. 
would also have to be set up on the com- 
puter. 

Results. The variables indicating working 
levels of the reactor such as power output, 
reactor temperature, etc., may be contin- 
uously monitored. These can be recorded 
permanently by a pen recorder or dis- 
played as meter readings. 


NEWS 


e ‘It is to be hoped that the existing 
confusion caused by using the National 
Certificate courses for meeting the educa- 
tional requirements of professional bodies 
as well as providing technician qualifica- 
tions will not continue much longer...’ 
said Mr G. S. C. Lucas, Director, AEI 
(Rugby) Ltd in his presidential address to 
the Institution of Electrical Engineers. 

e British industry has provided over 
£250,000 towards equipping the new Delhi 
College of Engineering and Technology; 
the British Government is providing some 
15 professors over periods of five years. 

e@ The second ‘split full-time’ course at 
the Hendon Technical College for the Works 
Management Certificate started this month. 
Two periods each of four weeks full-time 
training are separated by a six-months 
interval for project work. 

e When Delft’s Reactor Institute starts 
operation in mid-1962, complete with its 
100 kW pool reactor, it will be one of the 
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most modern of Europe’s university research 
centres. Staffed by 70 people, there will be 
research capacity for at least 50 students. 

e Increasing nuclear orders for Dutch 
industry is largely responsible for the third 
reactor course to be run in November at 
Petten, the Reactor Centrum Nederland’s 
centre. 

e Cornell University’s Triga reactor is now 
operating at the new $1-66 million nuclear 
research laboratory. 

e Existing Colleges of Advanced Tech- 
nology and the technological facilities 
of the universities should be regarded as 
being of equal status claims the FBI in its 
evidence to the Robbins Committee on 
Higher Education. 

e London University’s Atlas computer, 
scheduled for the end of 1963, will cost 
around £2 million. One quarter of the cost 
will be met by British Petroleum in return 
for an agreed amount of computing time 
over a five-year period. 


FILMS 


e An introduction to ion exchange. 3 reels, 
26 minutes (in colour). (Permutit). Useful 
to university and technical college students, 
to research workers and industrial tech- 
nologists. 

e@ Clean heat treatment of metals. 3 reels, 
33 minutes (in colour). (North Thames Gas 
Board). Intended for trainees and appren- 
tices in user industries and to technical 
college students. 

e The Winfrith pipeline. 4 reels, 41 minutes 
(in colour). (UKAEA). Features the laying 
of the twin concentric pipeline for the 
discharge of active and non-active effluent 
from the UKAEE to the coast. 

Note. Each of the above is available for 
hire from the Central Film Library, COI, 
Government Building, Bromyard Avenue, 
Acton, London, W3. 

e Nuclear power reactors. 36 minutes (in 
colour). (UKAEA). This is a well produced 
introduction, mainly for sixth form students, 
to power reactor systems. In particular, the 
development of the Calder type reactor is 
followed up to the HTGR Dragon project. 
Available for free hire from the Public 
Relations Branch, UKAEA, 11 Charles II 
Street, London, SW1. 


Battersea College of Technology, London 
Cathodic protection, December 19-20, 
Fee: £6. 

Borough Polytechnic, London Corrosion and 
protection of buried metals, 6 lectures, 
Thursday evenings commencing November 
2, Fee: 10s. Metal surface preparation for 
metal finishing, 6 lectures on Thursday 
evenings commencing January 11. Corro- 
sion testing, 6 lectures on Thursday 
evenings, commencing February 22. 

Bristol College of Science and Technology 
Silicon controlled rectifiers, postgraduate 
weekend course, November 3-4, Fee: 
£2 10s. 

Lanchester College of Technology, Coventry 
Solid state physics, 12 lectures on Tuesday 
evenings commencing January 23. High 
vacuum technology, 12 lectures on Monday 
evenings commencing January 22; day 
course on Wednesdays, January 17-April 11. 


8 








Points from Papers 


reports, meetings, conferences 





EGCR FUEL ELEMENT TESTS 


To firmly establish the dimensional and 
mechanical behaviour of the FGcR fuel 
element, hollow cylindrical UO, pellets 
encapsulated in ss tube, a rig has been 
used at ORNL in which it was possible to 
obtain maximum central temperatures of 
4000°F in the fuel, rapid heating and cooling 
rates and radial thermal gradients in the 
pellet. Radiographic techniques were also 
developed to permit observation of the 
fuel and cladding during tests. No structural 
changes were found within the pellets at 
short exposures to radial temperature 
gradients at maximum temperatures of 
3400°F. The fracture of UO, into fines as a 
result of thermal cycling was found to be 
insignificant. It was also determined that 
accumulation of fuel at the bottom of the 
vertical fuel element will not occur. Axial 
elongation of the capsule was measured 
and sufficient parameters were investigated 
to predict elongation during actual reactor 
operation. With the cladding severely 
deformed the fuel was thermally cycled 
without a single event which could be 
defined as an element failure. 

Dimensional behaviour of the Experimental 
Gas-Cooled Reactor fuel element at elevated 
temperatures. W. R. Martin and J. R. Weir. 


Oak Ridge National Laboratory. Report 
ORNL-3103. 50 pp. July 1961. 


NRX URANIUM RODS 


A summary has been made of all the reports 
describing the fabrication and behaviour 
on irradiation of all batches of standard 
uranium rods irradiated in NRx from its 
Start-up in 1947 to the end of 1959. The 
most stable rods have been alpha rolled 
and beta heat-treated. To obtain rods that 
elongate at a small uniform rate, the latter 
were cold drawn. As-rolled rods were seen 
to be much more variable in their behaviour. 
Excessive pressure drop is shown to be the 
most common cause of rod failure, due 
primarily to two reasons: (a) blockage of 
the lower coolant outlet due either to 
excessive lengthening of the uranium or 
failure of the shear pin or tension member 
which held the uranium section, permitting 
it to drop, and (4) fattening of the uranium 
section due to excessive shortening. The 
rupture of fuel cans, more prone in the 
thinner types, has been attributed to the 
longitudinal splitting of the uranium core 
on irradiation. 

Summary of the fabrication and behaviour of 
standard uranium rods in the NRX reactor, 
1947 to 1960. G. C. Garrow. Atomic Energy 


of Canada Ltd. Report AECL-1298. 24 pp. 
February 1961. 


ORGANIC COOLANT DAMAGE 


Recent data is presented showing the fast 
neutron damage, relative to gamma damage, 
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on polypheny! coolants. Alpha particles from 
Po-210, with 1-6 MeV energy, were used 
since it was established that damage to the 
coolant was primarily due to ionization 
rather than knock-on collisions. Good 
agreement between alpha particle data and 
reactor data was obtained. 


Fast neutron damage to polyphenyl coolant 


UO, pellets, other fabrication methods 
investigated include swaging and vibrat.on 
compaction techniques. A table speci es 
the various types of elements made «1d 
indicates the test facility using then. 
Progressive production steps are shown by 
means of a flow sheet. Assuming that 10 
single non-destructive test is completly 
reliable, each component and fuel specin en 
undergoes a series of tests; these are elat o- 
rated in tabular form. 

Assembly and testing of experimental fr a 
elements for irradiation testing. M. 


son. Chalk River, Ontario. Report AECI a 
1288. 32 pp. 


New Reports 





Radioactive fallout in air and rain; results to 





G. Burr ef al. Atomics International. 
Paper read at the Sth Conference on Ana- 
Ivtical Chemistry in Nuclear’ Reactor 
Technology, Gatlinburg, in October. 3 pp. 


DR-1 INSTABILITY 


During the routine running of the 2kW 
DR-! uranyl-sulphate solution reactor 
bubble formation in the core solution 
was observed leading to unstable per- 
formance. Experiments were therefore 
carried out to measure reactivity losses 
and heat output at steady power levels, 
with the recombiner cooled, and to study 
the events which take place when boiling 
begins. It was proven that when there is 
a certain rate of evaporation of water 
from the core solution, together with the 
normal ‘boiling’ of radiolytic gas, the 
power coefficient may increase consider- 
ably from the normal value. The vapour 
forms vacuums in the solution thereby 
decreasing the reactivity and causing the 
reactor to become very unstable. To prevent 
this a certain amount of helium pressure 
was applied above the solution, higher 
than the vapour pressure of the water at 
the temperature in question. 

On some boiling phenomena in the homo- 
geneous reactor DR 1. P. C. Christensen. 
— AEC. Risé Report 21. 32 pp. May 


PLANNING ISOTOPES 


For anyone faced with the requirement for 
an isotope laboratory, this report, based 
partly on experience and partly on published 
sources, should prove useful. Basic require- 
ments in building, furniture and installa- 
tions, as well as the limitations imposed by 
practical and economic possibilities, are 
described. Practical solutions are presented 
both to general problems encountered in 
almost any kind of radioisotope laboratory 
and to more specific problems such as 
those associated with medium high gamma 
activities. 


Radioisotope laboratury design. K. Heydorn 
et al Risé Report 26, Denmark. 28 pp. 


FUEL ELEMENT TESTING 


The carefully controlled fabrication tech- 
niques for the preparation of experimental 
fuel elements, employed in the AECL’s Fuel 
Development Branch, are described. They 
cover oxide fuel fabrication, assembly, 
inspection and testing, end plug welding 
and brazing. In addition to solid sintered 
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the middle of 1961. R. N. Crooks ef al. 
UK AERE. Report AERE—R3766. 21 pp. 
HMSO, 3s. 6d. 


L’Effet biologique des rayonnements ionis- 
ants et les centrales nucléaires. M. Depla. 
20 pp. Paper read to the Société des 
Ingenieurs Civils de France, February 1961. 
Lubricants for nuclear reactors. P. E. B. Vaiie, 
Mobil Oil Co. Paper read at the I.Mech.E., 
14 September 1961. 24 pp. 


Auxiliary power units for space applications. 
A. B. Martin. Atomics International. 10 pp. 
Paper read at the International Symposium on 
Space Age Astronomy, Pasadena, August 
1961. 


An experiment on magnetically driven shocks. 
V. O. Jensen et alia. Danish AEC. Risé 
Report 28. 13 pp. Paper read at the Plasma 
Physics Conference, Salzburg, 1961. 


Environmental radioactivity in Denmark 1960° 
A. Aarkrog and J. Lippert. Danish AEC- 
Ris6 Report 23. 51 pp. June 1961. 


Selected reactors of the power reactor demon- 
stration program: a literature search. Com- 
piled by J. M. Jacobs. US AEC Report 
TID-3556 (Rev. 1). 51 pp. June 1961. Avail- 
able from OTS, Washington, D.C. $1.25 


Applications of X-ray analysis. Tenth annual 
conference, Denver, Colorado, August 1961. 
Abstracts. 


Valves for nuclear applications. M. T. Cun- 
ningham and A. Wierzbicki. Dewrance & Co. 
Paper read at the Harwell Symposium on the 
Design of experimental equipment, etc. 
April 1961. 22 pp. 


The ML-1 mobile nuclear power plant. S. A. 
Varga et alia. Aerojet-General Nucleonics. 
8 pp. Paper read to the ASME Summer 
Meeting, Los Angeles, June 1961. 


Erection and precritical testing of the NS 
* Savannah’ power plant. C. W. Hasek, Jr. 
(US) Babcock and Wilcox. 12 pp. Paper 
read to the ASME Summer Meeting, Los 
Angeles, June 1961. 


Compact reactor development = ground 
nuclear power applications. M. A. Rosen et 
alia. US AEC. 11 pp. Paper read to the 
ASME Summer Meeting, Los Angeles, June 
1961. 


Assay of strontium-90 in human bone in the 
United Kingdom: results for 1960, Part I, etc. 
Medical Research Council Monitoring Report 
No. 2. 13 pp. Available from HMSO Is 3d. 


Reliability of protective systems for zero 
energy reactors. D. Wray and M. J. Cowper. 
UKAEA Risley. Report AHSB—R23. 15 pp. 
Available from HMSO 2s. 6d. 





‘Nuclear Power’ INFORMATION 


The papers reviewed here represent only 
a very small selection of those acquired 
and read by Nuclear Power. If you hear 
of a paper and have difficulty in obtain- 
ing a copy, write or telephone Nuclear 
Power Information Bureau, 77-79 Char- 
lotte Street, London W1, MUSeum 8252. 
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Heat transfer conference 


A selection of papers presented at the second international IMechE/ASME 
conjerence held at Boulder, Colorado, in August, are here reviewed 


TWO-PHASE STUDIES 


Experimental work carried out at the 
AEF, Winfrith Heath, important for the 
understanding of the hydrodynamics of 
pool boiling, is reported. On flow patterns 
it was shown that two ‘ ideal’ flow regimes 
are capable of precise description: bubbly 
and s/ug flow. Measurements were made of 
void fraction, relative velocity, and agglo- 
meration rate for the rise of air bubbles. 
In further experiments air was blown 
through the walls of a porous tube sub- 
merged in water. Depending on the normal 
average air velocity from the tube surface, 
three different flow patterns, bubbly 
{analogous to nucleate boiling), patchy, 
and hlanketed (analogous to transition 
boiling), were obtained. The results justified 
the treatment of the burnout heat flux as a 
purely hydrodynamic phenomena. An 
additional study of two-phase flow in boiler 
tubes, using porous media, showed that 
pressure drop characteristics depended on 
the prevailing flow regime. 

Some hydrodynamic aspects of two-phase 
flow and boiling. G. B. Wallis. 22 pp. 
(Paper 38, Pt.II). 


Investigations were carried out at Queen 
Mary College, London, under a National 
Engineering Laboratory contract, into the 
heat transfer during condensation of steam 
at atmospheric pressure on a single tube 
with no significant velocity of flow across 
the tube. Variables measured included 
tube diameter and inclination, heat load, 
mode of condensation and the presence of 
a non-condensable gas in several concentra- 
tions. Comparisons are shown for the 
different steam-side conditions of filmwise 
or dropwise condensation with similar 
water-side inlet conditions and velocities. 

The condensation of steam on a tube with 
filmwise or dropwise condensation and in 


the presence of a non-condensable gas. 
H. Hampson. 9 pp. (Paper 37, Prt.II). 


As part of the reactor fog cooling pro- 
gramme at CISE, a preliminary approach 
has been made to co-ordinate the burnout 
data obtained from observations on round 
tubes. It was demonstrated that maxima 
in burnout heat flux have an element in 
common: the mean inlet velocity seems to 
be constant, for constant pressure, indepen- 
dent of diameter, length and flow rate. 
This signifies that the maximum must be 
related to instability and to a change in 
flow pattern at the inlet of the heated tube. 
Two-phase (steam and water) flow and 


ag transfer. M. Silvestri. 13pp. (Paper 39, 
tal). 


This paper covers the first phase of an 
AERE investigation into the heat transfer 
characteristics of two-phase steam-water 
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mixtures flowing in annuli at pressures up 
to 1500Ibf/in?. The apparatus is described 
and its performance with single-phase 
superheated steam over a range of pressures 
and Reynolds numbers given. This first 
phase served as a check on the hydro- 
dynamic and heat transfer properties of the 
test section. The annular geometry used is 
considered to bear a closer relationship to 
fuel element rod bundles than does tubular 
geometry. 

Heat transfer to high pressure superheated 


steam in an annulus. J. G. Collier and 
P. M. C. Lacey. 9pp. (Paper 40, Pt.II). 





In all, 124 papers and four lectures 
were presented from the US, USSR, 
Canada, Japan, Poland, Australia, 
France, Switzerland, Sweden, Ger- 
many, Yugoslavia and Italy. The 
technical sessions covered: Heat 
conductionand thermoelectric effects; 
Heat transfer in equipment; Boiling 
and burnout, condensation and two- 
phase flow; High speed flows, etc.; 
Internal and duct flow; Mass transfer, 
packed and fluidized beds; Radiation, 
thermal properties and instrumenta- 
tion; and Free convection. The papers 
are available in five parts from the 
Institution of Mechanical Engineers, 
price £5. The conference will be 
repeated in London next !anuary. 











LIQUID METAL FLOW 


Experimental results for turbulent parallel 
flow of mercury through staggered rod 
bundles are presented. The work is part of a 
continuing programme of heat transfer 
research at the Brookhaven National 
Laboratory. The difficulties encountered in 
loop operation are described and the results 
of measurements under established flow 
conditions together with the effect of gas 
entrainment and different entrance effects 
are given. The results are applicable to the 
design of liquid metal tube and shell heat 
exchangers and the cores of liquid metal 
cooled reactors. 

Heat transfer to mercury in parallel flow 
through bundles of circular rods. A. J. Fried- 


land, O. E. Dwyer, M. W. Marescu, and 
C. F. Bonilla. 9pp. (Paper 62, Pt.II1). 


SUPERCRITICAL FLUIDS 

A comparison is made of predicted and 
experimental heat transfer data for 5000 
Ibf/in? water. A boiling-like mechanism is 
then postulated as a model for heat transfer 
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under high heat fluxes and low bulk 
temperatures for supercritical fluids. 

Heat transfer to supercritical water at 
5000Ibf/in? flowing at high mass flow rates 
through round tubes. K. Goldmann (NDCA). 
8 pp. (Paper 66, Pt.III). 


MAGNOX FUEL ELEMENTS 
Experimental work carried out by English 
Electric to measure in fuel elements the 
uranium-magnox interface thermal resist- 
ance under various conditions is described. 
Another aim was to obtain fundamental 
knowledge of the mechanism of heat trans- 
fer at such an interface. It is shown that a 
transition takes place, as the ratio of nominal 
interface contact pressure to Meyer hard- 
ness is increased, from conditions where 
the gas conductance predominates to those 
where the contact conductance predomi- 
nates. The presence of an interface gas has 
virtually no effect on the overall heat 
transfer. 

Heat transfer from the uranium fuel to 


the mavnox can in a gas-cooled reactor. 
P. D. Sanderson. 12 pp. (Paper 7, Pt.I). 


NUCLEATE BOILING 


Following work by Scriven on bubble 
growth in boiling binary mixtures, research 
was carried out at Illinois University to 
obtain experimental data for the system 
glycol/water and to compare these with the 
theoretical predictions using a high speed 
camera and digital computer. The prediction 
that at atmospheric pressure a minimum 
bubble growth rate should occur at a 
critical composition of about 5 wt-% water 
was sutstantiated. 

Bubb!e growth in nucleate boiling of a 


binary mixture. J. E. Beniamin and J. W. 
Westwater. 7 pp. (Paper 24, Pt.ID). 


SOME OTHER PAPERS 


23. Heat transfer during evaporation of 
high quality water-steam mixtures flowing in 
horizontal tubes. C. Rounthwaite and M. 
Clouston, UK. 

28. Boiling crisis in tubes. J. T. Aladyev et al, 
USSR. 

30. Burnout heat fluxes in pool boiling at 
high accelerations. C. P. Costello and J. M. 
Adams, USA 

34. Heat transfer in the presence of steam 
condensation in a horizontal tube. E. P. 
Ananiev et al, USSR 

48. Heat transfer and friction character- 
istics for forced convection air flow over a 
particular type of rough surface. F. J. 
Edwards and N. Sheriff, UKAEA 

51. Heat transfer to a turbulent stream from 
a surface with a step-wise discontinuity in wall 
temperature. D. B. Spalding, Imperial College. 

63. Measurements of heat-transfer coeffi- 
cients, friction factors, and velocity profiles 
for air flowing parallel to closely spaced rods. 
L. D. Palmer and L. L. Swanson, General 
Dynamics, USA 

64. Improvement of fuel element heat 
transfer by use of roughened surfaces and the 
application to a 7-rod cluster. A. Draycott 
and K. R. Lawther, Australian AEC 

65. Heat transfer with axial flow in rod 
clusters. H. W. Hoffman et al, ORNL 

67. Investigation of heat transfer to fluids 
flowing in pipes under supercritical conditions. 
B. S. Petukhov et al, USSR 

72. Effect of a longitudinally varying wall 
heat flux on the heat transfer coefficient for 
turbulent flow in a pipe. W. B. Hall and 
P. H. Price, Manchester University. 

92. An experimental investigation of the 
loca! packing and heat transfer processes in 
packed beds of homogeneous spheres. J. 
Wadsworth, Canada 




















New Product Survey 


EQUIPMENT : INSTRUMENTS : MATERIALS 





RADIATION DETECTOR 


selective gamma monitor 


Plessey Nucleonics’ new selective gamma 
monitor, Type PNI 1118, is designed for 
use in the 10 keV to 1-5 MeV range and it 
consists of a scintillation counter and a 
single channel pulse amplitude analyser, 





Plessey’s selective gamma monitor, Type 
PNI 1118, is designed for use in the 
energy range 10 keV to I-5 MeV 


with all circuits transistorized. The instru- 
ment is mains or vehicle battery operated 
and is readily transportable. 

The detector probes available cover the 
range 10-60 keV, 50-300 keV and 250 keV- 
1-5 MeV _ respectively, and consist of 
thallium activated sodium iodide scintil- 
lators mounted on the end of photo- 
multiplier tubes. Adjustment of E.H.T. is 
provided on the individual probes, and the 
connexion of any one probe automatically 
sets the required E.H.T. The supply is 
variable from 500-1500 V. 

Threshold bias is preset for the single 
channel pulse amplitude analyser, and 
channel width is switched to give 50%, 
25% and 10% channels on the 10-60 keV, 
50-300 keV and 0-25-1-5 MeV ranges 
respectively. Channel widths are preset 
internally. 
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ELECTRONIC COMPUTER 


high speed and capacity 
The new I.C.T. 1301 data processing system 


features high processing speed and large _ 


capacity. It operates with punched card 
and/or magnetic tape input and output as 
well as printed output at 600 lines per 
minute. The rate of programme controlled 
punched card input is 600 cards per minute 
and up to eight magnetic tape decks can 
be incorporated in the system. Two 
magnetic tape systems are available—the 
standard system (4 in tape operating at 
22,500 digits) and the high speed system 
(1 in tape operating at 90,000 digits.) 

An immediate access core store has a 
basic capacity of 400 words each of 12 
digits capable of being expanded to 2000 
words in multiples of 400 words. This is 
backed by a drum store holding 12,000 
words of 12 digits and able to be extended 





up to 96,000 words in multiples of 12,000. 
The fully transistorized central processor 
operates at 1,000,000 c/s. Decimal or 
sterling addition and subtraction are 
executed in 21 us and for multiplication 
the average is 170 us per multiplier digit. 
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SIGNAL GENERATOR 


adds narrow band sweep 


A new sweep signal generator, the 900B, 
is available from Jerrold Electronics, that 
sweeps widths continuously from 10 kc/s to 
400 Mc/s with a frequency coverage of 
0°5 Mc/s to 1200 Mc/s. 


Built-in crystal controlled harmonic 
markers, at 1, 10 and 100 Mc intervals, 
superimpose well defined reference marks 
upon an oscilloscope display or frequency 
response curves. Also built-in is a variable 
gain d.c. coupled oscilloscope pre-amplifier 
with a gain of 200, and a precision attenu- 
ator with 10 dB steps from zero to 50 dB. 
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DUST FILTRATION 


automatic fabric unit 


Designed for reliable and continuous 
operation, the ‘Dalamatic’ automatic 
fabric filter recently introduced by Dallow 
Lambert embodies the fundamental dyna- 
mic air flow characteristics generally 
associated with some blow ring type filters, 
but without mechanical moving parts. 
An integrated system of standard filter units 
can be used for handling air volumes of 
100,000 ft?/min or more. 


The ‘ Dalamatic’, in simple form, may 
consist of one, two or three tier assemblies, 








The new 3-tier Dallow Lambert ‘ Dal- 
matic filter 
1-3 3rd, 2nd and Ist tiers; 4 immediate use air 
reservoir; Sfan, compressor and rotary valve 
controls; 6compressed air regulator chamber; 
7 hopper; 8 solenoid valves; 9 expansion chamber; 
10 compressed air distribution manifolds; I! air 
inlet header; 12 exhaust air fan 
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each containing nine pad type filter element 
with a fabric area of 60 ft?. In operatior 
contaminated air is entrained into th 
filter above the level of filter elements 
passes downwards between the element 
and is filtered into a common outle 
header running the height of the filter 
Dust initially 1etained on the filtering 
medium is removed to the hopper below the 
filter, and is eventually discharged by 
means of a rotary seal or other conven- 
tional methods. Multi-assemblies increase 
the filtration area accordingly. Filtration 
velocities obtained are substantially greater 
than those experienced with filters of 
orthodox design and a single three-tier 
assembly would have a continuously rated 
gas throughput, on average, varying from 
1,000 ft?/min for dusts with obnoxious 
filtration characteristics to more than 
300 ft?/min. 


PUMPING LIQUIDS 


completely sealed unit 


The Allis-Chalmers ‘ Electri-Cand’ pump, 
originally introduced in 1955, has been 
progressively improved and now has a 
very wide range of applications including 
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The Allis-Chalmers special type liquid 
pumps have no stuffing boxes, no pack- 
ing, and no rotating mechanical seals. 
Pumps and motor are an integral unit 


heavy water and radioactive liquid. Com- 
pletely sealed, the liquids—precious, toxic, 
volatile or corrosive—flow through the 
motor and serve as a cooling agent and 
bearing lubricant. 

The pumps are available in sizes varying 
from 1x }in to 3x3in, with capacities 
up to 600 gal/min, for heads up to 275 ft, 
for pressures up to 200 Ibf/in*? at 200°F 
with standard insulations, and 400°F with 
special insulations. Horsepower ratings 
range from 4 through 25 at 3500 rev/min. 
A leak rate equivalent to under one ounce 
per 100a is guaranteed. In case of stator 
failure, sealing cans can be easily removed 
and re-used. 


VACUUM COATING 


low operating pressures 


Edwards High Vacuum have introduced a 
new series of medium-sized ‘ Speedivac’ 
coating units designated the 19E Series 
and comprising five models. The basic 
unit is common to all models and incor- 
porates many new features, including an 
hydraulic hoist for the new stainless steel 
chamber, a 400 A low tension supply and 


* 212 


1961 











S- eS SS ears eS! 


wee 


intestines 


- GOW — 


Or A ww 4) 


w an 
































































E 











The Model 19E6 ‘ Speedivac’ unit is used 

for the uniform evaporative coating of 

small or large plane surfaces. A motor 

driven rotary workholder is fitted about 
a 6-position vapour source turret 


a shutter to permit immediate termination 
of evaporation. 

A chamber pressure better than 10-5 
torr can be attained if desired and the 
Penning type gauge fitted provides indica- 
tion down to this pressure region. For even 
lower pressures a coil type trap with liquid 
nitrogen circulation can be provided as an 
accessory, together with a suitable pump. 

Model 19E2 is intended primarily for 
the evaporation of single layer anti-reflexion 
coating or other single layer films on small 
components. Model 19E3 is for the deposi- 
tion of single layer coatings on small 
components by sputtering or evaporation 
in separate cycles. For the sequential 
evaporation of more than one material on 
to small flat surfaces, Model 19E4 has a 
heavy duty six position vapour source 
turret assembly. Model 19E6 is used for 
the uniform evaporative coating of small 
or large plane surfaces. Model 19E7 is 
designed for the deposition of uniform 
single or multi-layer coatings on small or 
large plane surfaces by evaporation or 
sputtering. 

Ion bombardment clearing facilities are 
provided and a ‘Speedivac’ modulated 
beam photometer can be fitted to all the 
units for the measurement of film thickness 
during deposition, in terms of reflectance 
or transmittance. 
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POLLUTION RECORDER 


gas sampler 


Visco’s Isokinetic sampling apparatus is 
designed to provide accurate and rapid 
recording of dust, grit and fume emission. 
It consists essentially of five linked units: 
a sampling probe, a filter unit, a cooling 
coil, a pump unit and an instrument unit. 
In addition, a combined pitot tube and 
pyrometer is provided for measuring gas 
velocities and temperature. 

The stainless steel sampling probe 
faces directly into the stream of dusty 
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gas and a sample is withdrawn isokineti- 
cally, passing through a filter of prede- 
termined weight and cooled to ensure that 
corrosive liquids are hot condensed in the 
sampling train. A gastight vane pump, 
equipped with a by-pass valve, then 
expels the filtered and cooled gas sample 
through a gas flow-rate indicator and an 
integrating meter. The filter is then re- 
weighed, and the concentration is obtained 
by dividing this mass by the volume of 
the gas sample. 


DATA HANDLING 


high speed printer 
Solartron are producing two types of high 
speed printer: the ED.1035 Direct Printer 
and the ED.1036 Register Printer. The 
Direct Printer requires the input informa- 
tion to be maintained during the print 
cycle, whereas the Register Printer stores 
each line of information until printed. 
These printers can be used as an output 
device for computers, digital data systems, 
print-out of spectrometric readings and 
recording from transducer data-logging 
systems. 
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i _- Sais 


The Solartron high speed printer under 
final test 


The printing head is common to both 
types of printer and will print lines 14 
columns wide at a rate of better than 10/s. 
Fifteen characters are available located on 
14 continuously rotating print wheels 
which are struck as required by magnetically 
operated hammers. To achieve maximum 
printing speed, the printer control logic is 
arranged so that printing will always 
commence with the next available character 
required in a newly signalled line, without 
having to wait for the mechanism to reach 
a datum condition. For applications 
requiring fewer than 14 columns, an 
appropriately modified electronics unit is 
available. The Register Printer can accept 
binary coded decimal information (4 wire) 
or alternatively ‘one out of N’ code 
(15 wire) for each column. 
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FLOW CONTROL VALVES 


anti-corrosive lining 


A series of plug, globe, angle and low- 
pressure gate valves, lined with anti- 
corrosion protection ‘ Bascodur ’, are now 
available in the UK through IV Pressure 
Controllers. ‘ Bascodur’, composed of a 
carbonaceous base agglomerated by means 
of thermo-setting resin, is highly resistant 
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to many forms of corrosion and is capable 
of resisting elevated temperatures, perform- 
ing very well under rigorous hardness, shock 
and flexural tests. 

* Bascodur ’ is also usable in the presence 
of gamma radiation up to a dosage of at 
least 10*r, subject to modifications which 
may occur if very strong chemical factors 
are added to the action of the radiation. 
After exposure to rays from Co-60, 
standard deviations, calculated according 














This globe valve, one of a series marketed 

by IV Pressure Controllers, is lined with 

the anti-corrosive protective lining 
* Bascodur’ 


to the classical method, show a hardness 
index of about 18% (no difference between 
the results after 10 and 60s radiation 
exposure), shock resistance of 40% and 
flexural resistance of approximately 10%. 

The plug valves, globe valves and angle 
valves so lined are ali suitable for pressures 
of 150 Ibf/in* and temperatures up to 300°F. 
Globe valves are used where flow regulation 
does not permit the use of cocks, or when 
severe service conditions require tight 
sealing. Angle valves are similar in design 
and construction to globe valves, but are 
used for tank mounting where the space 
available cannot accommodate normal 
valves or plug valves. Bascodur low- 
pressure gate valves are designed for large 
flow capacities with low pressures loss. 
Standard gate valves are also suitable for 
use in low pressure circuits. 
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ELECTRONICS TESTING 


versatile automatic system 


The ‘Score’ automatic test equipment 
is primarily 


designed by Elliott Bros 





Elliott’s ‘Score’ automatic test equip- 
ment is here being used to test the wiring 
of cable-form boards 











intended for the electrical and electronic 
industries where the demand exists for 
equipment to perform complex electrical 
tests for a wide range of products, varying 
from cable-harnesses to computers and 
from transistors to transmitters. 

Using dry reed relays, ‘ Score ’ comprises 
a range of standard units which can be used 
to make either a simple basic continuity 
checker of 200 lines or a complex system 
having up to 9999 lines. The system in- 
cludes a 16-track magnetic tape recorder 
for the storing of test programmes, and 
provides facilities in addition to continuity 
checking for testing resistance values from 
10ohms to 1megohm; for insulation 
tests with 500 or 1000V up to 20 megohms; 
capacitance from 1000 pf to 100 mf (+2%) 
and inductance from 10 mh to 10h. 

A simple 100-wire cable-harness test 
normally takes 20 min, the same operation 
with * Score’ takes under two. A complex 
junction box taking 165 man-days for 
complete check-out can be tested in five 
hours. 


DATA PROCESSING 


high speed digital unit 


The new * MicroSADIC ’ system, recently 
announced by Consolidated Systems, sam- 
ples several hundred channels of analogue 
data at up to 15,000 samples/s. Converted 
to four-place digital form, the data is 
stored on magnetic tape or reproduced in 
printed form, on punched cards or plotter. 
The system may be equipped to operate in 
either binary-coded-decimal or binary 
mode. New features include an input 
impedance of 10 megohms or more, and 
conversion of analogue input voltages to 
equivalent digital values with an accuracy 
of 0-02% of full scale + 1/2 count. 
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A solid state commutator eliminates the 
need for individual isolated power supplies 
for each channel. The number of channels 
may be increased in increments of ten by the 
addition of solid-state printed circuit boards 





* Micro- 


Consolidated Systems’ new 
SA converter 


DIC’ analogue/digita! 
matches widely varying application 
requirements by use of pre-wired 

removable patchboards 
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in the commutator. Selection of one of five 
basic sampling modes: channel, scan, single, 
periodic or continuous, is controlled by 
large thumbwheel switches. A high-speed, 
plus-or-minus four-digit digitizer converts 
analogue input voltages to equivalent 
digital values with a resolution of one 
part in 10,000. 

The tape unit has a transfer rate of 


30,000 characters per second, with a 
recording density of 200 bits to the inch. 
The tape is driven at 150 in/s. Data can 
also be written with a packing density of 
555 bits/in at a tape speed of 54 in/s. A 
built-in performance analyzer generate: a 
highly stable precision d.c. reference volt: ge 
and this can be used to analyze data as i is 
recorded or as it is reproduced from tave. 

* 218 


IN BRIEF 





e High sensitivity oscilloscope. Aveley have 
introduced the DuMont Type 403-B oscillo- 
scope, claimed to be the most sensitive of its 
kind commercially available. It has a sensitivity 
of 50uV/cm and a low noise level to permit 
resolution of signals as low as 10 uV. Pheno- 
mena that are barely determinable within a 
1 de to 1 me frequency range are easily 
detected and displayed. 

* 219 


e@ Steam valve. The improved excess pressure 
protection valve for steam lines introduced by 
Bailey has the following features: full pro- 
tection against pressure rise, required flow 
maintenance with uninterrupted working, 
automatic resetting, minimum blow-off, and 
needle valve adjustment to suit working 
conditions. Initially in bronze, the device will 
fit pipe sizes in the range } in to 2 in. The 
spring ranges available are 2-10, 10-80, and 
80-150 Ibf/in*. 

* 220 


e Colour television. Suitable for professional 
and scientific purposes, Marconi have devel- 
oped a new large screen colour television 
projector capable of long term stability and 
reliability. The projector accepts. either 
separate red, green and blue signals, or a 
composite coded signal and projects a picture 
measuring 12 ft 9 ft on to a screen 25 ft 
away. 


* 221 
e Fork lift truck. The new Hyster battery 
powered reach truck has a capacity of 2500 Ib 
at 20 in load centre. It has a lift speed loaded 
of 30 ft/min and a lowering speed of 50 ft/min. 
Travelling speed is 3-5 miles/h and the turning 
radius is only 543 in. 

* 222 


e@ Pressure transducer. Two new models of 
the Type 4-326 strain-gauge pressure trans- 
ducer have been announced by Consolidated 
Electrodynamics. One features an overpressure 
stop permitting twice the rated pressure to be 
applied for three minutes without causing a 
zero set to exceed 0-5 % of the full range output. 
The pressure ranges are from 0-100 to 0—-5000 
Ibf/in*. The other model uses stainless steel 
and has pressure ranges of 0-100 to 0-10,000 
Ibf/in?. 

* 223 
e Moisture analyzer. The new solids moisture 
analyzer, Type 26-320, from Consolidated 
Electrodynamics, uses the Keidel electrolytic 
cell principle. A 5 cm® capacity oven is heated 
by an r.f. field; any moisture vapour escaping 
is picked up by a carrier gas. Average test 
cycle is about 10 min. 

* 224 
e@ Temperature controller. Foster's Type 
3556 indicating controller incorporates a new 
photo-sensitive control system making it 
possible to operate continuously with a 
comfortable margin of safety in an ambient 
temperature of 130°F. 


* 225 


e@ Flow measurement. The new gas or liquid 
flow recorder designed by AEI, Model 202, 
is particularly suitable for noxious gases or 
corrosive liquids. It incorporates the AElI/ 
Barton differential pressure unit—a stainless 
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steel bellows and forged carbon steel, or 
forged stainless steel, housing. Records of up 
to seven-days running can be supplied. 

*% 226 
e Coaxial ignitrons. Suitable for new pul e- 
welding techniques, where high-current shu rt 
duration pulses with high leak voltages «re 
required, are two new AEI ignitrons, featuri:ig 
a new coaxial construction. The BK300B and 
BK302B are water-cooled and are provision- 
ally rated at 2500V maximum peak anode 


voltage. 

* 227 
e@ Speed changer. Allis-Chalmers * Vari-Tex ’ 
speed changer, now available in five different 
case sizes ranging from 1 to 30hp, can be 
used for controlling such variables as liquid 
level, temperature, pressure, etc. Stepless 
speed changes within standard speed ranges 
are provided of 2 to 1 through 10 to 1 at 1-8 to 
4460 rev/min. 

* 228 
@ Television tubes. English Electric have 
introduced four new projection tubes for 
monochrome and colour television and other 
applications where high brightness displays 
of large area may be required. Highlight 
brightness on a typical T929 (white) is around 
6500 millicandela/cm?. 

* 229 
e@ Toggle switches. The new range of Dowty 
toggle switches cover four basic units: one, 
two, three and four pole, each fitted with 
heavy duty contacts capable of switching 
20A resistive at 28V d.c. The switch may also 
be used as a three-way selector. 

* 230 
e@ Power supply. Fixed voltages of between 
5 and 60 can be provided by the new range of 
low voltage transistor power supplies from 
J. L. Thompson. Mounted in groups of 5, 4 
and 3 respectively behind standard 10 in 
panels, the output, completely free from 
transients, contains only 1mV R.M.S. of 
ripple and a source impedance as low as 
0-012. 

* 23) 
e Capacitor metallized film. Metallized poly- 
ester film with margins slit and accurately 
spooled for winding into electronic capacitors 
is available through Torvac of Cambridge. 
Film thicknesses range from 0-00025 to 
0-00075 in. 

* 232 
e Voltage stabilizer. Claude Lyon’s new 
TS-1 a.c. automatic voltage stabilizer has an 
output voltage setting between 200 and 254V, 
a response speed of 40V/s, no waveform 
distortion and an accuracy of better than 
t+ 5% from zero to full load. 

* 233 
e@ Fuse switches. The range of compact 
* Cromwell ’ cubicle-type fuse switches mar- 
keted by GEC, covering ratings of 150, 200, 
300 and 400A, can be built into cubicle-type 
switchboards. Extra breaking capacity, extra 
shielding and safety are claimed. 


* 234 


For further information on any item, 
circle the appropriate number on the reply 
card facing page 106. 
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ons and Materials Evaluation 


Nuclear Radiati 
| Chemists and metallurgists have with currents up to 100 micro- may be proprietary development 
| been quick to adopt experimental amperes in continuous OF pulsed programs in somebody else’s house, 
. ° . 
ed for funda- operation. A 90 mass analyzing have no fear. If the use of accelera- 
stem sta- tors is encouraged, we are content. 
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mental nuclear physics research. 
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: | Today, they are exploiting the 
| | characteristics of intense ion beams of the accelerated ion beam is on any techniques use 
and neutron fluxes for applied re- emitted with a homogeneity within course, the results are strictly your 
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search, engineering and analysis. 
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ations for trace analysis, 
studies, semiconductor mo 
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3 Although a number of positive- 
4 ion accelerators have been in- 
3 stalled specifically for this kind of 

developmental work, we believe 
4 that the use of particle beams for 
materials evaluation js just getting 
F started, and that many programs 
“ are dormant because of the cost — 
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We think we have an answ 
this problem for those who wish to 
explore activation analys 
search involving accelerated posi- 
neutrons. Here in 
Burlington, we have a fully- 
equipped and expertly-staffed Post- 
tive Ion Service Facility, employing a 
2-Mev Van de Graaff accelerator 
and neutron source as the central 

research instrument. Both the facil- 

ity and the assistance of the staff are now 


available for independent research and 
organizations on a 


is or re- 


tive ions or 


analyses by outside 
rental or contract basis. 
The Van de Graaff is our Model 
AN-2000. It offers 0.3 to 2.0 Mev 
hydrogen or deuterium ion beams 
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D-T 14-15* 5x i 
*monergic tpolyergic 
Neutron Yield From 2-Mev Van de Graaff 


Of course, if the rentee gets car- 
ried away with the possibilities of 
this work and wants to buy an ac- 
celerator, that’s all right. Van de 
Graaffs are available from 0.4 to 4 
Mev, producing up to 400 micro- 
amperes of current for monoener- 
getic neutron production. For 
really high neutron fluxes, the mi- 
crowave linear accelerator excels. 
We can recommend a package of 
suitable instrumentation and would 
be glad to give counsel on installa- 


tion and shielding. 


HiGH VOLTAGE ENGINEERING 
CORPORATION 


BURLINGTON, MASSACHUSETTS, U.S.A. 
APPLIED RADIATION CORPORATION 


HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 







Chorley Wood, Herts. 


further details 9 
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NEW TECHNIQUES 


Amersham extends source 
range 


New cyclotron-produced isotopes are now 
available from the Radiochemical Centre, 
Amersham. The three new isotopes are 
arsenic-74, cobalt-57 and strontium-85. They 
are produced in collaboration with the Univer- 
sity of Birmingham and the Medical Research 
Council Radiotherapeutic Research Unit at 
Hammersmith Hospital, London. Arsenic-74, 
used for brain tumour location, is' priced at 
£10 per millicurie with a 20% discount for 
5 mec and over; cobalt-57, used for studies 
of mossbauer effect, is priced at £15 per 
millicurie, minimum order 0°5 mc: £10, and 
strontium-85, used in studies of strontium 
uptake, is priced at £70 per millicurie—mini- 
mum order 0°2 mc: £20. 

The Radiochemical Centre has also 
announced that a new range of iridium-192 
sources has been introduced with specific 
activities much greater than those previously 
available. These sources make possible much 
shorter exposure times without sacrifice of 
definition, or greatly improved definition for 
the same exposure time. Of interest, too, is a 
note from the Centre that recently there have 
been substantial advances in the methods of 
encapsulation of neutron sources. Stainless 
steel containers sealed by argon-arc welding 
or silver brazing alloy are used. 


Leak determination 


Use of irradiated sodium bicarbonate to 
detect the position of a leak in a_ buried 
heating system was successfully completed by 
the AEA recently. At the London headquarters 
of Firth Cleveland Ltd., some five gallons per 
hour were escaping and flooding the firm’s 
showroom. As the pipe duct was full of water, 
audible detection had provided no result. 
All pipe joints were welded and the main was 
14 dia. To detect the leak, a piece of expanded 
rubber was cut into a spherical ball just under 
1} in dia. A 25 mg pellet of irradiated sodium 
carbonate containing 50 uc of Na-™ was sealed 
in metal foil and inserted into the centre. 
The ball was inserted into the main, and the 
flow towards the leak carried the ball until it 
reached the first of two leaks where it stopped; 
a pressure adjustment moved the ball on until 
it came to a smaller bore pipe which was also 
leaking. Beyond this, the ball refused to go as 
there was no further leak flow. Subsequent 
excavation proved the accuracy of the findings. 


Undersea isotopic power 


Undersea use of isotopic power is gaining 
ground in the USA. A 5-watt caesium-137 
generator is being developed by Royal Research 
Corporation for the AEC’s Office of Isotope 
Development. This device, being worked on 
in conjunction with Columbia University’s 
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Lamont Geological Laboratory has been 
adapted as a seismographic recording device 
and it is hoped that early next year, the 
generator will be placed in the Atlantic near 
Bermuda. Also being developed is a 1-watt 
generator using mixed fission products as a 
source of radiation which would be converted 
to light and then to electricity. Work on this 
is being undertaken by Bartlett Laboratories, 
Indianapolis, for the US Navy. The firm 
hopes to have the device completed by the 
summer. Meanwhile, the AEA has given a 
one year $150,000 contract to the General 
Instrument Corporation for an investigation 
into the use of mixed fission-products as a 
heat source for thermoelectric generators. 





How many cabbages? Estimating the number 
of cabbages in a field has been made compara- 
tively easy by use of a two millicurie caesium-137 
instrument developed by the Institute for Radia- 
tion and Biology of Hanover Technical Univer- 
sity. The source is contained in a lead cylinder 
open at one end. Gamma rays emitted through 
the opening are detected by a counting tube. 
The height and diameter of the cabbages are 
also given by the device so that the volume is 
easily calculated; the attenuation curve for the 
radiation gives average density. 


Soviet conference Isotopes have been success 
fully used to control the process of enriching non- 
ferrous and rare metal ores, a recent Leningrad 
conference on the use of radioisotopes in the 
mining industries was told by Professor Igor 
Plaskin. 


NEWS ROUND-UP 


Gamma radiation monitors 


Gamma radiation monitoring, similar to that 
used by the UKAEA for laboratory areas, is 
now available commercially. Redcliffe Radio 
and Engineering Co. Ltd. are manufacturing 
under licence the Type 1641C Monitor. This 
is a wall mounting equipment comprising a 
detector and control unit, a lamp unit and a 
mains operated alarm bell. The price is £245 
complete; delivery five months. 


Particle accelerator orders 


Two new high energy particle accelerators, 
valued at $300,000, have been delivered by 
High Voltage Engineering Corporation, Massa- 
chusetts, for use in the aviation industry for 
basic research and development work. These 
machines, installed at the Research Center of 
Chance Vought Corporation and the Grumman 
Aircraft Engineering Corporation, make a 
total of nearly 20 such machines now in use 
or on order by companies and government 
laboratories involved in research and develop- 
men iwork related to the US space age efforts. 


Nuclear waste 


The Atomic Energy Commission proposes to 
issue a licence to Tracerlab Inc to receive and 
store nuclear waste materials. The licence 
would also cover transfer of such waste to 


the AEC sites at the Oak Ridge ati 
Laboratory, Oak Ridge, Tennessee, or lay 
burial. The waste will be stored in a:. unde, 
ground storage room which is a par of ty 
radioisotope laboratory facilities of T: acerig, 


French exports rise 


The French Atomic Energy Cor nissip 
(CEA) exported more than twice a> map 
shipments of radioactive materials in 1°50 asi 
1959—1876 consignments against 90°. Mai 
destinations were West Germany, the Nethe, 
lands and Italy. The 1960 exports iclude 
3600 curies of Iridium-192. 





Accelerator applications symposium Over?\( 
leading experts on radiation applicatiors tooi 
part on a one day symposium on the use 9 
radiation from accelerators sponsored by Radi 
tion Dynamics Inc, a leading US accclerate 
manufacturer. 


Soviet isotope sales Sales of isotopes by thy 
USSR on world markets are three times as hig 
as they were three years ago, according to Russi 
reports. Exports include more than 500 com 
pounds tagged with different radioactive isotops 
and about 300 compounds containing staby 
isotopes. 


German isotope imports During the first” ha 
of the current year, W. Germany imported nip 
large radioactive sources totalling 34,150 curia 
The most powerful was one of 7000 curies ani 
the smallest, 150 curies. Five were for medicd 
and four for technical applications includin 
radiation chemistry research. 


Japanese isotope conference About ‘i 
scientists attended the 4th Japan Conference o 


Radioisotopes held in Kyoto on October 10-l) 


and some 300 technical papers were presente. 
In one of the papers, Mr P. C. Aebersold. 
director of the AEC Division of Isotopes Develop 
ment, said that about 1900 industrial firms in th 
USA were now licensed to use radioisotopes. 


Irradiation on contract The Hahn-Meitne 
Institute for Nuclear Research, Berlin, ha 
announced that it is now fully engaged in wor 


on nuclear chemistry which includes irradiation . 
on contract to other institutes and to industridyy 


firms and sponsored chemical research. 


USEFUL READING 


Ultra-Pure Labelled Compounds, price list No. 
125 plus supplement No. |, Hazelton Nuclear | 
Science Corporation, 4062 Fabian Way, Palo Alto, 
California, USA. 


Catalogue and Price List, Schedule H, New | 
England Nuclear aan 575 Albany ‘Street, 
Boston, Mass., USA 


Isotopic Labelled Gemprente Nuchem Inc., PO | 
Box 5737, Bethesda 14, Md., USA 


Labelled Compounds for Denes Catalogue 61, | 
Volk Radiochemical Company, 8260 Elmwood Avenue, | 
Skokie, Illinois. 


Selected topics in radi dosi Proceed- 
ings of s pect. — June 7-11, 1960, IAEA | 
Vienna, 687 Pp, 


The seth  e one related handling of | 
radioactive materials, by F. R. Farmer (in English, | 
French and Russian), AEA Vienna, 1 961, 64 pp, 6s. 


Radiation-initiated polymerisation + ra aft | 
polymerisation, IAEA Vienna, 1961, 43 pp, 6s. 


Protection against radiation, by J. D. Abbatt, 
J. R. A. Lakey and D. J. Mathias, Cassell & Company | 
Led, London, 1961, 25s. 


Effects of ionising radiations on seeds, proceedings | 
of the symposium, Karlsruhe, August, 1960, IAEA | 
Vienna, 670 pp, 57s 


| 
Regulations for the safe transport of radioactive | 
materials; notes on certain aspects of the regulations, | 
IAEA, Vienna, 108 pp, 9s. 
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@ These advertisements are appearing in 
the farming and country magazines. The 
Central Electricity Generating Board thank 
electrical contractors for their co-operation 
in the past, and know that they will do all 
they can to preserve the amenities of the 
countryside. 


Most people want the comfort of modern amenities—but few like the towers 
that bring the power to work them. What's the answer? Return to lamplight, 
peat fires and the washing tub? Bury the power lines and do away with the 
towers altogether? Attractive idea—just possible too, but at 17 times the cost 
—with its inevitable effect on your electricity bill. For the foreseeable future, 
transmission towers must stay. But they cannot be planted just anywhere. 
An Act of Parliament charges the Central Electricity Generating Board with 
a double duty: to provide an efficient and economical electricity supply, while 
preserving visual amenity as far as possible. Power lines are planned with 
forethought—by men who are as anxious as you are to keep this land green, 
pleasant...and up-to-date. 











who make and supply electricity to 12 Area 
Electricity Boards in England and Wales (which re-sell 
to consumers) and British Railways. 





Write for a copy of “Preserving Amenities” to The Central Electricity Generating Board, 83 Winsley Street, London, W.! 
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Ti RESEARCH EXPANSION Tube 
Investments has expanded its Research 
and Development Organization because of 
TI’s continued growth in specialised fields. 
The central TI organization will consist 
of a newly-formed Engineering Develop- 
ment Design Office concerned with advanc- 
ing the specialised engineering of process 
plant; the metallurgical research laboratory 
at Hinxton Hall, near Cambridge, con- 
cerned with physical metallurgy and metal 
physics and a department of technical 
information in Birmingham. In addition, 
a new organization for the steel tube divi- 
sion will be developed from the TI Tech- 
nological Centre at Walsall. 


COMPUTERS FOR RENT = Analogue 
computers and systems can now be rented 
from Electronic Associates Ltd of Burgess 
Hill, Sussex. Under a new plan, large and 
small-scale general purpose analogue com- 
puters and systems, digital X-Y plotters and 
instruments selling for £1600 or more are 
made available. The system replaces the 
former lease plan which included only 
large-scale computers. Computers and 
computer systems and the digital plotters 





Industrial 
Literature 


Photo-electric counters. Tyer have issued 
technical details of their fully transistorized 
counters. Type HSC2/A operates at 2000c/min 
with a 6-digit counter with reset, powered from 
either a.c. mains or 12 V battery. The HSC2 
AA pre-selection counter is a 4-digit unit with 
facilities for batching from 1 to 10,000. 

* 245 


Nucleonic equipment. The latest product 
reference manual from the Curtis Nuclear 
Corporation gives the specifications for a wide 
range of equipment that includes: scalers, 
spectrometers, ratemeters, scintillation de- 
tectors, scanners, gamma standards, and 
recorders. 











*% 246 
Lead shielding. A recent brochure from Assoc- 
iated Lead Manufacturers presents a concise 
summary of the mechanical properties of lead, 
the forms of lead shielding bricks available 
and some of the alternative methods of pro- 
viding reactor shielding. 

* 247 


Crystal phosphors. A new section to Hilger 
& Watts catalogue covers the different types, 
sizes, mountings and resolutions of the com- 
plete range of Hilger crystal phosphors and 
crystal-photomultiplier assemblies. 

* 248 
Analogue computer. The use of the Emiac II 
for solving specific problems in various 
engineering fields is described in a new EMI 
leaflet. 


* 249 
Steam generator simulation. In the design of 
very large steam generators operating at 
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can be rented for a minimum of one year 
periods, say EAL. All other equipment can 
be rented for three, four and five year 
periods. 


JAPANESE-US REACTOR LINK The 
Japanese firm Mitsubishi Atomic Power 
Industries Inc. will manufacture reactors 
and associated auxiliary equipment under 
a licence and technical assistance agree- 
ment with Westinghouse Electric Inter- 
national Company. This covers closed- 
cycle water reactors as well as future 
types developed by Westinghouse. Nuclear 
engineers from Mitsubishi are studying for 
a year at the Westinghouse atomic power 
department in Pittsburgh. 


e A substantial reduction in the price of 
pure beryllium rod has been announced by 
The Brush Beryllium Company. Rod prices 
have been reduced by 10%. Earlier this year, 
prices of virgin and blend beryllium powders 
were cut by 12-15% 


e Cambridge Instrument Company and Instru- 
menti di Misura CGS, SpA of Milan, 
have formed a new equally-owned company, 
Cambridge-CGS-SpA. It will at first make 





supercritical pressures, the only practical 
method of handling the complicated and 
lengthy calculations involved is by use of 
computers. The current issue of Sulzer Tech- 
nical Review includes an article on the simula- 
tion of dynamic behaviour in analogues. 
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Nuclear instruments. Radiation Instrument’s 
Designer Series of small transistorised nuclear 
instruments are capable of quick change and 
a variety of combinations. Specifications have 
so far been issued for a linear amplifier and 
discriminator, a 7-decade scaler-timer, a 
6-decade count scaler, and a 5-decade gas 
flow counter. 


* 251 


Semiconductor data. GEC’s Device Guide gives 
brief information on many new diodes and 
high power silicon controlled rectifiers. Con- 
cise electrical and mechanical specifications 
are included. 
*% 252 
Polyester resins. The use by industry of 
polyester-glass laminates as a construction 
material is increasing state British Resin 
Products in a recent publication. This guide 
looks at applications in nine major industries. 
* 253 
Analogue-digital converter. The Wayne-George 
RD-13G * Digisyn ° encoder is a high precision 
photoelectric shaft position-encoder provid- 
ing angular position data in a 13-digit binary 
code. Technical bulletins are now available. 
* 254 
Cutting tools. A‘useful little booklet has been 
issued by English steel covering the care and 
use of drills, taps, reamers and milling cutters. 
Also included are tables of day-to-day data. 
* 255 
Nucleonic equipment. Since its formation in 
1956, Plessey Nucleonics has made an import- 
ant contribution to the design and manufac- 
ture of specialised instrumentation and equip- 
ment for nuclear plant. A recent brochure 






instruments based on Cambridge designs, 
including electronic and galvanometric inc '- 
cators and recorders and associated contr’)! 
equipment. These will, where necessary, | 2 
adapted to meet the requirements of th: 
Italian and neighbouring markets. 


e@ A power-operated mechanical arm hi: ; 
been ordered by Euratom from Nuclezr 
Equipment Ltd, Herts, for installation at tt 

Ispra nuclear research centre. It will be use 

for training operators and also to obtai 

practical experience which can be used as th 

basis for designing hot cells for future nuclez 

research establishments, says Nuclear Equiry 

ment. 


e Hayward Tyler & Co Ltd recently supplie 
four large heavy pumps to De Laval Ljunstror 
Pumps AB for installation in the R3/ADA) 
power reactor. The pumps are said to be th 
largest heavy water pumps of their kind ii 
the world and are totally enclosed, wet stato: 
glandless electric units of 250 hp. They arc 
made almost entirely of stainless steel. 


e Johnson, Matthey & Co Ltd have acquired 
the majority of the shares of the leading 
Belgian precious metal company, Pauwels 
Freres S.A. 


e@ To meet changing European trading condi 
tions, the Engineering, Marine, Welding and 
Nuclear Energy Exhibition is to be transformed 
into an international exhibition called the 
London International Engineering Exhibition. 
It will be held from April 23 to May 2, 1963 


e Metal and Pipeline Endurance Ltd has 
received the order for cathodic protection of 
the circulating water system at Dungeness 
nuclear power station. 






outlines the work done and the facilities 
available for research, development and 
production. 

* 256 


Silicones in engineering. Midland Silicones’ 
new booklet shows how silicones are being 
used in many branches of engineering as : 
resins, insulants, paints, greases, fluids, water 
repellants, release agents and coatings, etc. 


* 257 
Resistor guide. As an aid to selecting the most 
suitable resistor for a particular application, 
a chart is available from Alma using such 
criteria as minimum inductance, resistance 
value, temperature coefficient, physical size, 
etc. 


* 258 


Gas analysers. Automatic laboratory systems 
for continuous in-stream monitoring of radio- 
activity in biochemical and metabolical studies 
are featured in a recent General Measure- 
ments data sheet. It covers Models 1100 and 
2000, complete with *‘ Electronik’ 13-strip 
chart recorders and integrators, for COx, 
and the 3000 for liquid streams. 

* 259 


Induction heating. Efco Journal for August 
continues an article on production heat 
treatment by h.f. induction. From the large 
variety of parts that can be treated by local 
heating, typical examples are described. 


* 260 


Lubrication design. The Norgren micro-fog 
lubrication system is claimed to be eminently 
suitable for bearings, gears, chains, cams, 
slides, etc and uses every particle of oil 
efficiently. An application design manual is 
now available for design and plant engineers. 


* 261 





24 For further information on any item, circle 
the appropriate number on the reply card 
facing page 106. 
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TOMORROW'S 
METALS 
TODAY 








The demand for metals 
with more and still more 
exceptional properties is 
nowhere more clearly seen 
than in nuclear engineering. 
ICI Metals Division, 
leading manufacturer of 
new metals, is already 
supplying aluminium and 
magnesium alloys, 
hafnium, niobium, 
titanium, vanadium 

and zirconium. Now it is 
producing, in the first plant 
of its kind in Europe, 
*wrought beryllium 

for the Windscale 

AGR Programme. 

ICI Metals Division has 
been associated with 
nuclear engineering from 
the start. No organisation 
has done more towards 
solving the challenging 
metallurgical problems 
presented at every stage of 
development. 


FIRST IN 
NUCLEAR METALS 


DIVISION IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON SW1 
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ALBERT CREWE 
Englishman at Argonne 


HE NEW DIRECTOR of the Argonne 

National Laboratory is 34 year old Albert 
V. Crewe. Born in Bradford, Yorkshire, Dr 
Crewe achieved international scientific 
recognition before he was 30. With Dr W. H. 
Evans at the University of Liverpool, he built 
the first diffusion cloud chamber constructed 
in England. Dr Crewe has directed much 
of the design and construction of the Zero 
Gradient Synchrotron (ZGS) at Argonne. 
An associate professor in the Department 
of Physics and the Enrico Fermi Institute 
for Nuclear Studies of the University of 
Chicago, Dr Crewe succeeds Norman 
Hilberry who has been director of the 
Laboratory—one of the world’s leading 
nuclear research centres—since June 1956. 


Joining Nuclear Chemical Plant Ltd. 





A. A. EVANS 
reducing resistance 


as their technical sales manager is Mr 
B. D. Baines, former sales manager of 
Hawker Siddeley Nuclear Engineering Ltd. 
He took up his appointment in October. 
At the same time, the company announced 
that Mr T. V. Molesworth had been 
appointed senior chemical engineer. Mr 
Molesworth was formerly with the UKAEA 
and joined Nuclear Chemical Plant in 
1960 after a period with the Rubber 
Research Institute of Malaya. 


Dr John Vernon Dunworth, at present 
deputy director of the AEE, Winfrith, has 
been appointed deputy director, National 
Physical Laboratory, in succession to 
Dr G. Macfarlane. The date Dr Dunworth 
will take up his appointment will be 
announced later. Aged 44, Dr Dunworth 


worked in Canada with Sir John Cockrof 
on atomic energy development late in 194 
and in 1946 joined the AERE, Harwell. 

Mr A. A. Evans has been appointe 
sales manager of the Capacitors an 
Resistors Division, Swindon, of the Plesse 
Company Ltd. Mr Evans was Swindo: 
regional sales administrator and befor 
joining the Plessey Company in 1958, wa 
national sales manager for the Underwoox< 
Corporation of America. 


Chairman and managing director of < 
new company G.E.C. (Engineering) Lt 
is Mr R. N. Millar. The company wa 
formed to take over and develop the 
engineering activities of the Genera! 
Electric Co Ltd. Other board appointments 
are: T. H. Kelsey, director and genera! 
manager (Witton Works); Dr K. J. 
Wootton, director and general manager 
(Erith Works); C. J. O. Garrard, com- 
mercial director; E. Nicholson, financial 
director; Dr H. K. Cameron, development 
director; G. M. F. Donnelly, production 
director and J. E. Thomas, secretary. Two 
of the members of the Board are new to 
the G.E.C. organization—Mr Donnelly and 
Mr Nicholson. Mr Nicholson, whose 
appointment to the Engineering Group 
was announced in September, was formerly 
a deputy director of the Production Group 
of the UKAEA. Mr. Donnelly will join 
the new company on January 1 when he 
will relinquish his appointment as general 


manager of British Northrop Ltd. 





Diary 


23 NOVEMBER 
closed feed system by T. O. Leith, 
Barrow-in-Furness, 7.30 pm. Meeting of the 
Merseyside and Northwestern Section, 
Institute of Marine Engineers 


27-30 NOVEMBER 
ion and Metal Finishing Exhibition, 

Olympia, London 

28 NOVEMBER 
High temperature gas cooled reactors for 
marine propulsion, R. E. E. Richards, 
London, Institute of Marine Engineers, 
5.30 pm 


30 NOVEMBER-| DECEMBER 
e electronics symposium, London. 
Details, Institution of Electrical Engineers, 
Savoy Place, London, WC2 


30 NOVEMBER—2 DECEMBER 
Very high purity materials in science and 
technology, symposium, Dresden. Details, 
Chemische Gesellschaft in der D.D.R., 
Unter den Linden, 68/70 Berlin 


1 DECEMBER 
Effects of radiation on metallic corrosion, 
J. J. Stobbs, CEGB, Berkeley. Colloquia to 
be held at 3.30 pm, Room 102, Department 
of Chemical Engineering and Chemical 
Technology, Imperial College of Science 
and Technology, London, SW7 


2 DECEMBER 
Non-aqueous titrations, G. F. Lewis, College 
of Technology, Portsmouth, 7 pm. Meeting 
of Chemical Society, Royal Institute of 
Chemistry and Portsmouth and District 
Chemical and Pharmaceutical Societies 


4 DECEMBER 
Scientific film evening, London, 6.30 pm. 
Organized by Society of Chemical Industry, 
14 Belgrave Square, SWI 


4-8 DECEMBER 
Ionic bombardment, international conference, 
Bellevue, France. Details, Professor Trillat, 
Directeur du Laboratoire de Rayons X du 
C.N.R.S a Bellevue (S-et-O), France 





%6 


5 DECEMBER 
Non-destructive testing, F. Hinsley, F. 
Perkins. Conference Room, Peterborough, 
7.30 pm. Joint meeting, Institution of Plant 
Engineers and Institution of Production 
Engineers 
Chemical engineering aspects of high 
temperature gas cooled reactors, Dr H. de 
Bruijn, Cambridge University Chemical 
Engineering Department. Meeting of South 
Eastern Branch, Institution of Chemical 
Engineers, preceded by tour of the 
Department 
The design and operation of cryogenic plants, 
D. E. Ward, The Technical College, 
Birkenhead, 7.30 pm. _ Institution of 
Chemical Engineers, North-Western Branch 
meeting 

6 DECEMBER 
Modern trends in civil _ gt design, 
Southampton Technical College, Southamp- 
ton, 7.30 pm. Branch meeting, Institution 
of Plant Engineers 

6 DECEMBER 
New electronic techniques in non-destructive 
testing, one day symposium, Wolverhamp- 
ton. Organized by The British Institution of 
Radio Engineers, West Midlands Section 

7 DECEMBER 
The analysis of errors in analogue computa- 
tion, symposium directed by Dr R. 
Vichnevetsky at Bristol College of Science 
and Technology, Bristol, 7 

7-8 DECEMBER 
Sintered high temperature oxidation resistant 
materials, Symposium, London. Organized 
by the Powder Metallurgy Joint Group, Iron 
and Steel Institute, Church House, Great 
Smith Street, London, SW1 

11-15 DECEMBER 
Technical seminar on agriculture and 
public health aspects of radioactive con- 
tamination in normal and emergency 
situations, The Hague, Netherlands. 
Organized by UN Food and Agriculture 
Organization, Viale delle Terme di Caracalla, 
Rome 

12 DECEMBER 
Recent developments in prestressed concrete, 
B. Rhodes, Birmingham and Midland 
Institute, 6.00 pm. Meeting, Midland 
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Counties Branch, The Reinforced Concrete 
Association. 

13 DECEMBER 
Electrical aspects of Hunterston nuclear 
enerating station, J. Henderson, G. F. 
ennedy and K. J. Wootton, Savoy Place, 
London. Meeting sponsored by The 
Institution of Electrical Engineers 
Nuclear power station instrumentation, 
M. W. Jervis, The Walker Art Gallery, 
Liverpool, 7.30 pm. Organized by the 
British Institution of Radio Engineers, 
Merseyside section 


OVERSEAS 


21 NOVEMBER—1 DECEMBER 
Use of radioisotopes in animal biology and 
the medical sciences, Mexico City. Organized 
by the I.A.E.A., World Health Organization 
and FAO 

26 NOVEMBER-1 DECEMBER 
Winter meeting, American Society of 
Mechanical Engineers, including four 
sessions on nuclear engineering, New York. 
Details, ASME, 345 East 47th Street, New 
York 17, USA 

3-7 DECEMBER 
Annual meeting, American Institute of 
Chemical Engineers, New York. Includes 
papers on fluidization and volatility process- 
ing for spent reactor fuels. Details, L. J. 
Coulthurst, Foster Wheeler Corp., 666 
Fifth Avenue, New York 19, USA 

5-8 DECEMBER 
Joint meeting, Japan Atomic Industrial 
Forum and US Atomic Industrial Forum- 
current status of power reactors—Japan 

6-8 DECEMBER 
Nuclear instrumentation, symposium, North 
Carolina State College, USA. Organized by 
American Institute of Electrical Engineers, 
Institute of Radio Engineers and Instrument 
Society of America 

15-16 DECEMBER 
Modern trends in activation analysis, 
International conference, A and M College, 
Texas. Sponsored by IAEA, USAEC and 
A & M College, Texas 

27-29 DECEMBER 
American Physical Society meeting, Los 
Angeles, California, A 
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The stability and anti-rusting properties of 
soluble cutting oils vitally affect the sustained 
performance of a machine tool. 

Shell Research has painstakingly studied these 
qualities by the comparative evaluation ofdifferent 
emulsifying and coupling agents. This Shell- 
devised rig, the Shell Emulsion Stability Test, 
simulates under strict control, but more severely 
than usual industrial applications, the conditions 
in which soluble oils operate. 

A gallon of the emulsion is circulated continuously 
for 48 hours through a copper feed-pipe and over 
a heated iron tube before percolating back to 


€ nell demonstration 





ewe 
less =e" 


the sump through a layer of steel turnings. Water 
evaporation is made up at prescribed intervals 
and at the end of the test. 

The appearance of the oil and the condition of 
the feed-pipe, iron tube and turnings reveal the 
extent of the corrosion. 

By comparing the percentage change of oil content 
in the slurry before and after the test, the stability 
of the emulsion can be expressed quantitatively. 


Write for the booklet, Selecting Your 
Cutting Oils, to Lubricants Dept., 
Shell-Mex House, London, W.C.2. 


on 





SHELL CUTTING OILS 
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Useful source book 
on atomic constants 


This short monograph discusses the deter- 
mination and accuracy of the six funda- 
mental constants of atomic physics e, m, 
M, c, h and N. A short account, with 
references, is given of their determination 
and the connexion of the _ subsidiary 
constants with them is also described. A 
more detailed discussion follows of the 
velocity of light. The development of radar 
during the war showed up a significant 
error in the hitherto accepted value of this 
constant amounting to some 17 km/s. 
Since then, therefore, there has been much 
careful work on this constant and Dr 
Sanders states that the present uncertainty 
is about 0-25 km/s. 

The longest section of the book describes 
recent measurements of high precision. 
These are magnetic moment measurements 
of the proton and electron, the hyperfine 
separation in the hydrogen ground state 
and the deuterium hyperfine separation and 
‘Lamb shift’. Finally the methods for 
deriving *‘ best values’ are described and, 
in an appendix, the international physical 
standards to which the atomic constants are 
related are summarized. This is a handy 
source book to start investigating how good 
a constant is and copious referencing assists 
in finding further details. 

E. B. Paul 


The Fundamental atomic constants by 
J. H. Sanders. (Oxford Library of the Phy- 
sical Sciences) Oxford University Press, 
1961. 88 pp. Price 10s. 


Valuable aid in 
reactor design 


The development of atomic power has called 
for enormous calculations; in the USA this 
has been an important factor in computer 
development. No reactor designer can 
afford to be without ready access to a digital 
computer ; computer costs, for example, for 
the British nuclear tanker tenders will have 
been some tens of thousands of pounds for 
each organization. Dr Sangren, who has 
considerable experience in this work, covers 
in his early chapters the logical and practical 
arrangement of digital computers and a 
thorough introduction to programming. 
Chapter 5 gives a detailed example. 
Chapter 4 is a concise introduction to the 
basic processes and commonest formulae of 
numerical analysis and the bibliography 
included is typically well-chosen. The 
central problem of flux distribution and 
criticality is described in considerable detail. 
The replacement of the age and multi-group 
partial differential equations by finite 
difference approximations is troublesome 
because of the abrupt changes in material 
properties from region to region. The 
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author describes three methods of deriving 
formulae at boundaries and clearly shows 
the elegance and convenience of the inte- 
gration method. 

The remaining chapters touch on the 
other important reactor calculations, in 
particular, the S, method for the transport 
equation, and an account of Monte Carlo 
in practice. There is also a two-dimensional 
heat conduction example. 

For the calculations used in the practical 
design of nuclear reactors, the presentation 
of specialized knowledge in a clear and 
elementary manner is most admirably 
performed. 

J.D. Murchliar.d 


Digital computers and nuclear reactor 
calculations by W. C. Sangren. Wiley, 
London, 1960. 208 pp. Price 68s. 


What to do with 
fission products 


Consisting of excellent review articles on 
topics relating to the fission process, this 
well produced volume deserves a very wide 
readership. Seventeen of the contributors 
are well-known experts from the UKAEA, 
two are from the Medical Research Council 
Unit at Harwell and from the Agricultural 
Research Council. 

The first part, describing the fission 
process and the radioactivity of the resulting 
products, is illustrated with excellent tables 
and graphs in a directly useful form. A 
special subsection is devoted to alpha 
emitters and their special hazards. The 
second part is a symposium on the effects of 
radiation on materials and living organisms. 
It has chapters on physical, chemical and 
cytological effects, and a clear summary of 
existing knowledge on the behaviour of 
radioactive substances in food chains is 
given, together with a discussion on 
occupational and public health questions. 

The taird part on legal aspects of waste 
disposal is refreshingly international in 
scope but would be more useful if it 
contained some references to the contro- 
versial legal aspects of such topics as sea 
disposal and the operation of nuclear 
powered ships. Part 4, dealing with the 
treatment of waste and subsequent disposal 
or dispersal is a highly technical section 
concerned mainly with chemical engineering 
and geophysics. Chimney stack dispersion 
is also considered, but the reviewer could 
find no description of the incinerators so 
useful for dealing with the large volume of 
potentially contaminated paper and other 
combustible waste which arises in any 
nuclear operation. In describing the methods 
of separation of individual fission products, 
the main emphasis is on caesium and 
strontium. 

Part 5 consists of a single very short 
chapter on fission products as sources of 
radiation for industrial and _ research 
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purposes. It does not describe methods < 
handling the sources (except as liquids) nc 
does it describe the more common sourc 
assemblies used for radiography, industriz 
control, or medicine. The book conclude 
with agricultural research, food preservatio: 
and industrially important chemical re 
actions induced by radiation. A balance: 
account of the problems presented is giver 
and it will do much to correct the over 
enthusiastic predictions, or the undul 
pessimistic reactions from them. This par 
deliberately omits small scale applications o 
radioactive sources in industry and research 
and it is to be hoped, as the Editor hints 
that a second volume on this topic wil 
follow. 

B. M. Wheatley 
Atomic energy waste: its nature use and 
disposal, edited by E. Glueckauf. Interscience, 


New York; Butterworths, London, 1961. 
420 pp. Price 95s. 


New Books 





e@ Steels for reactor pressure circuits Report 
of a symposium held by the Iron and Stee! 
Institute on November 30-December 2, 1960 
Iron and Steel Institute, London, 1961 587pp 
Price 65s 

%& 262 
e@ Electronics: a_ bibliographical guide by 
C. K. Moore and K. J. Spencer Macdonald, 
London, 1961 41lpp Price 65s 

% 263 
@ Reactor handbook, 2nd edition, volume Il— 
fuel reprocessing edited by S. M. Stoller and 
R. B. Richards Interscience, New York and 
London, 1961 66S5pp Price $21.40 

* 264 


e@ Semiconducting Ill-V compounds by C. 


Hilsum and A. C. Rose-Innes Pergamon, 
Oxford and London, 1961 239pp Price 60s 
%& 265 


e Infrared physics New international research 
journal Pergamon, Oxford and London, 1961 
Annual subscription: £7 (individuals: £3 10s) 

*% 266 
@ Thermal expansion of technical solids at low 
temperatures Literature survey by R. J. 
Corruccini and J. J. Gniewek National 
Bureau of Standards Monograph 29 US 
Government Printing Office, 1961 Price 
20 cents 


*% 267 


e@ Enthalpy-entropy diagram for steam. British 
thermal units by D. C. Hickson and F. R. 


Taylor Blackwell, Oxford, June 1961 Price 
2s 6d (Nomenclature: B.S.; data source: 
* 268 


@ Nuclear reactor instrumentation by M. W. 
Jervis Temple Press, London, 1961 74pp 
Price 12s 6d 

* 269 
e@ Nuclear power: today and tomorrow by K. 
Jay Methuen, London, 1961 270 pp Price 


25s 

* 270 
@ Development of high-temperature strain 
gages National Bureau of Standards, Wash- 
ington, 1961 Monograph 26 20pp Price 
20 cents 

* 271 
@ Extraktive Aufarbeitung Bestrahlter Kern- 
brennstoffe by S. Niese et al. Akademie- 
Verlag, Berlin, 1960 223pp Price DM44 

* 272 
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An FR charge coupling test cell 


a unique and expanding service 
for the Nuclear /ndustry 


Flight Refuelling Limited was formed in 1934 and since then the Company 
has pioneered the development of refuelling, coupling-up and jettisoning 
systems of many kinds, for use on the ground, in the air, and at sea. 

From the handling of liquids and gases under extreme conditions of 
temperature, pressure and corrosion it has been a natural step to the 
development of nuclear devices. FR’s services to the Nuclear industry began 
in 1956, when the Company designed a standpipe coupling for Berkeley power 
station in co-operation with A.E.I.—J.T. design engineers. 

Today the unrivalled experience and resources of Flight Refuelling Limited 
serve the nuclear industry on an ever increasing scale. 


Flight Refuelling Ltd 





Tarrant Rushton Airfield, Blandford, Dorset. Telegrams: Refuelling Blandford. Telephone: Blandford 501 
TA 5024 
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4.3 MeV Linear Accelerator by Mullard Equipment 
Ltd.—most powerful X-ray source ever for 

| N C H ES site radiography. Used to provide high definition 
radiographs of welded seams in 34” thick steel 
walls of the reactor pressure vessels at the 
Trawsfynydd Nuclear Power Station. Steel thicknesses 
even up to 12 inches are within its scope. 












OF 


Most complete range of X-ray equipment available 
Whatever the type or thickness of metal to be 
examined, Research & Control Instruments Ltd. 
STEEL supply X-ray equipment that will do the job 
efficiently and accurately. The equipment they offer 
is backed by a first-class advisory and maintenance F 
service. Complete instailations, including handling ; 
gear and protection, can be designed in conjunction 
with your own architects and engineers. 








Further information gladly sent on request 


Low voltage radiography unit for examining 
thinner sections of light alloys and low 
density materials. 


Sole distributors in U.K. 


RESEARGH & CONTROL INSTRUMENTS LTD., 


Instrument House, 207 King’s Cross Road, 
London, W.C.1. Telephone: TERminus 2877 
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often cause a flutter in my pigeon loft, but 
for a real flutter of excitement, give me 
this! Here in the Davy-United plant at 


Shefheld ’'m seeing the result of a job of 


work I was on at A.W. It shows the big 
firms realise that A.W. know all there is to 
know about making castings—like this cast 
steel end frame, for instance. When I think 
of all the skilled stripping and cleaning 


STEEL CASTINGS 


... ahd other breeds 


that went into this job after the cool- 
down...! 

[ll bet the lads here must be right proud to 
do their stuff in these works—with the help 
of our castings. Our products havea pedigree 
—like my pigeons. And like my pigeons 
they're winners! 

It’s gumption that counts in industry—as 
you can see in every job from A.W.” 


Supplied to any specification for any industry 


ARMSTRONG WHITWORTH (METAL INDUSTRIES) LIMITED 


Close Works - Gateshead 8 - Co. Durham - Telephone : Gateshead 71261 


Steel Foundry: Western Road Works « Jarrow - 


Co. Durham. 


Telephone: 897111 - Telex : 53159 Metalloy, Jarrow. 
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Titanium 


(LOW COBALT) 
Stainless 


St { 
- TE 
Wire : 


Stainless Steel Wire, to this | 
specification, is already being UNIVERSAL \ 
supplied by us in ever — BALL E ‘ 
increasing quantities to meet 
the specific requirements of ( 
Nuclear Engineers and JOINTS | 
Designers. We shall welcome 
your enquiries for this and —=—_—_ = 
all other types of Austenitic greatest strength for weight 
Stainless Steel Wire. 

most efficient and reliable 


. Mollart Engineering universal ball joints, used every- 
V4, s where in fields as widely dissimilar as aircraft and 
Stainless Steel zveé agricultural machinery, are made by the latest special- 
; m ised plant under rigorous control. Sliding and fitting 

Company Limited 








‘ 





ay 


surfaces are ground to a tolerance of 0.0005”. 


I ae 


Mollart Engineering supply single, double, ‘‘ Hooke’s’’- 
type, and light series universal ball joints in standard 








HILLSBOROUGH WORKS. sizes. Non-standard and specialised types are supplied - 

LANGSETT RD., SHEFFIELD 6 to customer’s requirements. C 
Telephone No.: 344241-2 Sheffield A.R.B. approval of design and materials 

, F T 

ee Se "ae THE MOLLART ENGINEERING CO LTD A 

KINGSTON BY-PASS SURBITON SURREY c 

E 








TELEPHONE: ELMBRIDGE 0033-7 TELEGRAMS: PRECISION aialees 
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On or about April lst this year, between Lombard 
Street and the Metropolitan Police Boundary, a large 
quantity of Treasury Notes, Bonds, Sleep, Hope etc. by 
a Firm who forgot that ASSOCIATED LEAD supply: 


LEAD, TIN, ANTIMONY AND THEIR ALLOYS; 99.999% PURE LEAD, 


TIN AND ANTIMONY; SOLDERS, including Solid and Gored Solder 
Wire; ANTIFRIGTION MATERIALS; ANTIMONIAL LEAD; CABLE ALLOYS; 
LEAD SHEET AND PIPE; DENSE LEAD SHIELDING FOR NUGLEAR 
WORK as well as every other form of Lead and Antimony, in 
any quantity. Firm concerned prefers to remain anonymous. 


This announ nt is issued for and on behalf of 


ASSOCIATED LEAD MANUFACTURERS LIMITED 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2. CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER. 
Export Enquiries to: Associated Lead Manufacturers Export Co. Ltd., Clements House, 14 Gresham Street, London, E.C.2 
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new 
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New technologies demand new 
techniques — Radyne high 
frequency heating is used for 
many interesting duties in 
nuclear engineering: for instance, 
the heating of Graphite, 
Tantalum, Molybdenum and 
other susceptors in vacuum or 
inert atmosphere. 

a Other problems... brazing, 
soldering, heating and drying 
non-conductors, vacuum fusion 

f ston, analyses, butt brazing of 
graphite tubes... are such that 
r re) high frequency heating is the 
‘ best solution — perhaps the only 

— solution —as Radyne equipment 
has been proved best for these 
multifarious duties. 





When necessity forces the designer to use 
unconventional lubricants in which 
conventional bearing materials become 
useless — then the solution to the problem 


usually lies in ‘Orkot’. A RADYNE C.400 5OkW 
“Orkot’ bushes made from resin-bonded MEDIUM FREQUENCY 
fabric operate successfully using the most GENERATOR WITH 


unusual liquids* — even sludges 


as lubricant. They resist corrosion, have SPECIAL VACUUM 
a very low coefficient of friction, MELTING UNIT 
consume less power and reduce wear on OT 
shaft and bearing. ; 
*N.B. If liquids aren’t available we can RA DYN!) E 
supply ‘Orkot’ impregnated with solid 
lubricant. LT OZ 
WOKINGHAM 

Write for full particulars to:— BERKS ENGLAND 

UNITED COKE & CHEMICALS COMPANY LIMITED TELEPHONE: WOKINGHAM 1030 


(Sales Dept. 369) P.O. Box 136, Handsworth, Sheffield 13 TELEGRAMS: RADYNE ENGLAND 
Tel: Woodhouse (Sheffield) 3211 Grams: ‘UNICHEM’, Sheffield P.6302 
oB9 
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Forged Steel Reinforcement Gas Duct Rings 


As forged and _ heat 
treated 101” o/d, 65” 
i/d, overall width 27” 
(by courtesy of 
Whessoe Ltd.) 


LATINA. 


Piet te) PO AN Ne el 
: NT 7 As machined 

' ’ Wey prior to 

‘entaliatl 
BRADWELL | 98” ofd, 68° 


i/d, overall 


3 width 24” (by 
i ddllfe oF eh TB Ser eng No mS i 2 ht “i courtesy of 

a Whessoe 

F RAR ; ties Ltd.) 


re tb TT OF. 6 & Dn 


va ae 


DUNGENESS | 


~ 4 
ae ae Oe Tse 


o 
- , Py 


As machined 
prior to 
installation 
for 3’ 3” bore 


For Spherical and Cylindrical Vessels inlet duct and 


duct erection 


as supplied for the above ~ en sll 
ers b 
NUCLEAR POWER PLANTS onion ‘a 


International 
Combustion 
Material B.S.1503/151 — 1950, grade B, Group.) 
having excellent welding properties, with 
Charpy V notchimpact results of 25 ft. Ibs. 
average at — 10°C. 








The Darlington Forge Ltd 


DARLINGTON 
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COUNTY 
DURHAM 


already a great engineering area 


Offers thdlustrialists 


a large labour force, with easy 


recruitment and wide experience; 


industrial estates and 


plenty of other sites; 
the facilities of the 
Local Employment Act 1960 
in large parts of the County; 
Industrial Development Certificates 
readily available; 
VAN T\ Yn Mohs datsPaareler-iiare m-lale me) cal-)mal-)f0 


from Local Authorities; 


information from 


COUNTY PLANNING OFFICER 
10 Church Street, Durham. Tel: 3404 
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DONCASTERS <> 
i778 DD 




















Famous for Forgings 


The Daniel Doncaster companies have works in 
Sheffield, Leeds, Oldham and Blaenavon, S. Wales. 
These works have kept abreast of modern forging 
practice and new equipment is still being installed 
on a considerable scale. 

More important to you is the range of this equip- 
ment, for by using a combination of plant and 
skills, we can offer a service and carry out 
procedures impracticable to a firm pos- 

sessing a less versatile organisation. 


DANIEL DONCASTER & SONS LIMITED SHEFFIELD 


MONK BRIDGE IRON & STEEL CO. LEEDS [2 
MOORSIDE COMPONENTS * OLDHAM 


DANIEL DONCASTER & SONS (THE BLAENAVON CO, BRANCH) LTD, 


BLAENAVON * MONMOUTHSHIRE FBI 
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For insulation 4 


in the 550 to 800; range | 
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...we recommend our $.R.10 mineral wool slabs 


As working temperatures rise increased radiation and convection currents in the air cells of 
any insulant will reduce its efficiency. The answer obviously lies in more and smaller air cells, 
i.e. increased density as operating temperature is increased. Increased density, however, 
means higher cost so that an optimum value has to be found. For instance for the 550°-800°F 
range our recommendation is our Stillite $.R.10. (10 lb density). For higher or lower 
temperatures — sub-zero to 1500°F, other Stillite materials varying from 3-15 lbs density 
are available to enable you to obtain full efficiency with minimum cost. 


For full information on S.R.10. or our recommendations for other temperatures please send coupon. 





To STILLITE PRODUCTS LTD., 15 Whitehall, London, $.W.1. 


Please send (1) Technical Data No. Io. 
(2) Recommendations for btehoaiee 
te i en NAME 


wstibnetiu 


Regd. Trade Mark 





ADDRESS 





Just pin to letterhead ‘Nuclear Power 








STILLITE PRODUCTS LTD. I5 WHITEHALL, LONDON, S.W.1 Tel: WHitehall 0922/7 


A Member of the TURNER & NEWALL GROUP 
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PANEL 
INSTRUMENTS 


Complete flexibility in panel design is made 
possible by the Weston range of “‘miniatures” 
which includes round, rectangular and edgewise } 
models. Round models are housed in cases of —e 


cea sre as eo ome 


2’, 24” and 34” diameter . . . or, to harmonise 
with rectangular panels, the rectangular type is 
available, giving an increase in scale length of 
approximately 50°, over the equivalent round 
models. Horizontal edgewise instruments are 
available with scale lengths of 2}” and 3}’. 
Moving iron, moving coil, a.c. rectifier and 
h.f. thermocouple models are offered—all with 
the accepted Weston qualities of accuracy and 
reliability. 
Full particulars are to be found in leaflets— 
Lists Nos. W1, W2, W3 and W4, copies of 
which are available on request. 








SANGAMO WESTON LTD e ENFIELD « MIDDLESEX 
Tel: ENField 3434 (6 lines) & 1242 (6 lines). Grams: Sanwest, Enfield. 
Scottish Factory : Port Glasgow, Renfrewshire, Port Glasgow 41151 - Branches : London, CHAncery 4971 - Glasgow, Central 6208 


Manchester, Central 7904 - Newcastle-upon-Tyne, Newcastle 26867 - Leeds, Leeds 30867 - Liverpool, Central 0230 - WolWwerhampton, 
Wolverhampton 21912 - Nottingham, Nottingham 42403 - Bristol, Bristol 21781 - Southampton, So’ton 23328 





SWw/68 








ENGINEERS!! 
















FORGED TO BRITISH 











STEEL & AND 
STAINLESS AMERICAN 
STANDARDS 


buy from kee 





STAINLESS STEEL STUB NIPPLES 
AND OTHER PRODUCTS 


..andyou BUY BRITISH! 


PS 1g 3 Sg 


& CO (TUBES) LTD 


FABRICATED 
PIPEWORK 
IN STEEL, 
STAINLESS 
STEEL AND 
COPPER 









74 82 PARADISE ST., LONDON, S.E.16 
BERMONDSEY 3156 78 


WALSALL ’ MANCHESTER PONTYCLUN 







MALLEABLE TUBE FITTINGS 
TO BRITISH STANDARD 1256 








- as British as the 
Flag 





THE HEART OF RELIABILITY 
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THIS 


is a masterpiece 


g 


RRR AT 


Sonia SNEIEON 


~~ 


Because it’s in the hands of a master 
craftsman. This Marston light alloy in- 
dustrial heat-exchanger is being made* 
with the same skill and attention to 
detail which typifies all Marston products. 
If you’re contemplating engineering, 
chemical, petroleum or nuclear power 
plant that calls for components to un- 
usual specifications, consult us at the 
design stage: our experts can contribute 
much to the smooth, speedy and eco- 
nomical execution of your plans. 























Process plant - Bursting discs 
Pressure vessels - Heat-exchangers 


SRR 





Pipework:-Special-purpose machines 


in aluminium, titanium and other non- 
ferrous metals. 








*For British Oxygen Engineering Ltd. 


PSE SRI RR tear 


ARERR RAMEN VENER AGRON Qo 
A RRR ARES RS RARE GRRE GE 2 


MARSTON EXCELSIOR LIMITED 


A subsidiary of Imperial Chemical Industries Limited 


RY 





Fordhouses, Wolverhampton. 





MAR.280 


SARA 
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The 


DYNATRON 


Test Set 
Type N107SC 


Dynatron present a unique piece of time 
and space-saving equipment, Test Set 
type N107SC—the first ever of its kind to 
combine together double pulse generator, 
oscilloscope and video oscillator. Here is 
a single, compact unit, capable of ser- 
vicing the commonly used instruments in 
the electronic field, quick to operate and 
using the minimum of space. Servicing is 
simplified, unnecessary instrumentation 
is avoided. 

Also available, Test Set type N107—the 
basic testing unit, comprising double pulse 
generator and video oscillator. Facilities for 


easy attachment of a measuring oscillo- D YNA TRON ELEC TRONICS 


scope, if required. DYNATRON RADIO LTD., MAIDENHEAD, BERKS. TELEPHONE: 5150 (10 lines) 



































For full technical specification on this unit, please write to :- 


SCALERS - PULSE ANALYSERS - POWER UNITS - TIMING UNITS - PULSE AMPLIFIERS - INSTRUMENT RACKS 
























“Done already, Dick?” 


“Yes ... wiring doesn’t take long with Kopex, 
you know. Ever seen it? Look. It’s pliable. 
Just out it, bend it and fix it. Marvellous.”’ 
Kopex Pliable Electrical Conduit. A significant 
advance in electrical wiring installations. 
Easily bent by hand, remains rigid after 
bending and can be shaped to any radius with- 
out distorting the bore. P.V.C. covered for 
protection against oil, corrosion and suds. 
Ideal for wiring machine tools and special 
purpose machinery in factories and chemical 
plants, etc. 

Kopexcouplingsare made in avariety of metals, 
and can be used with any standard electrical 
fittings, to make a rigid, permanent joint. Full 
technical information and prices on request. 





P.V.C. covered PLIABLE ELECTRICAL CONDUIT 
(also available without P.V.C. covering) 





UNI-TUBES LIMITED 


Head Office : 197 Knightsbridge, London,S.W.7 
BEND IT SET IT Tel: KNightsbridge 7811/5 


Works: Alpha Street, Slough, Bucks. 
Tel: SLough 25476/8 


A member of SMITHS Group of Companies s 
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CUT WITH A KNIFE 



















WH 
»REIS 
REAC 
TUBE 
AND 


HOLZ« 


OR VESSELS 
UCLEAR COMPONENTS? 


ZN—| 


> 





This 60 ton high-pressure vessel is an example of the REISHOLZ technique of 
assembling exceptionally large units from several sections without longitudinal 
welds. Below: Exploded view of reactor vessel assembled in this way. 


. REISHOLZ have long and specialized experience in the manufacture 
, of high-pressure and high-temperature components 
3. Because REISHOLZ are highly competitive, for instance by making 


we 


their own high-duty steels 


l- 

iF Because REISHOLZ hammer forge can handle 120 ton ingots for 
3. : : 

' exceptionally large solid or hollow units 


Because REISHOLZ operate a unique horizontal press producing very 
large seamless vessels and tubes up to 35 in. i.d. and 9 in. wall thickness 


3, 
; Because REISHOLZ special welding facilities (including build-up welding) 
' enable them to assemble up to 60 ft. long pressure vessels without 


longitudinal welds, for any desired pressure 


Because REISHOLZ research into the suitability of various steels for 


© 


nuclear engineering have given them a wealth of unrivalled know-how 
in this specialized field 


CONSULT »REISHOL2Z« 


REACTOR VESSELS / REACTOR COOLING JACKETS / PRESSURE VESSELS 
SUPPORT RINGS / FLANGED RINGS / CLOSURES / THICK-WALLED TUBES 
PLATING BY BUILD-UP WELDING 


Write for informative booklet and research data 


00 











STAHL- UND ROHRENWERK REISHOLZ GMBH DUSSELDORF-REISHOLZ GERMANY TELEX 85826821 


TA 5238 





NUCLEAR POWER December 1961 Circle No 73 on reply card for further details 11 








Circle No 74 on reply card for further details 


MUREX manufacture 
ductile 


NIOBIUM 


ROD, WIRE, SHEET & TUBE 


Write for full technical information 








MUREX LTD. (Powder Metallurgy Division) RAINHAM - ESSEX 
Telephone : Rainham, Essex 3322 Telex 28632 Telegrams : Murex, Rainham-Dagenham Telex 
LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.! 


[ ONE RR Ok a 

















Thermal 
REFRACTORY 
CEMENTS AND 
POWDERS 


Thermal Fused Alumina and Fused Magnesia 
Refractory and Insulating Cements are very 
simple to apply; water is the only additive 
necessary for mixing before application. 

For base metal windings our C60 cement 
is ideal; for platinum windings our CC60 
cement should be used. Molybdenum windings 
necessitate a silica-free cement, and our No. 101 
cement is specially prepared for this purpose. 


Details of these special high temperature cements, and 
also of Thermal Fused Alumina and Fused Magnesia 
Powders will gladly be supplied on request. 


We also manufacture an extensive range 
of Vitreosil Industrial Ware 


THE THERMAL SYNDICATE LTD. 





all BRITISH 























SS P.O. BOX NO. 6, WALLSEND, NORTHUMBERLAND. Telephone: Wallsend 62-3242]3 
I LONDON OFFICE: 9 BERKELEY STREET, W.1. Telephone: HYDe Park 1711/2 
the BEST 
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Whatever you need in a VAGUUM PUMP 
N.G.N. PROVIDE IT 
Automatic Oil Emptying 
<—————— Demountable Vacuum Connection 
’ to suit tube to B.S.S. 659 
Oil level sight glass 
Full variable gas ballast control on all pumps 
Cast Belt Guard 
Non-Return Valves for all sizes 
N.G.N. Rotary Piston Pumps are of radically different design 
protected by patents in all major countries. 
No. SPEED ULTIMATE VACUUM (McLeod) 
TYPE of 
Stages} cu.ft/min]|litres/min|Without Ballast} With Ballast 
PSRT] 1 1 | 28 =| 005 TORR |0'5-1-0TORR 
PR 2) 1 | 2 a a 
The inter-connection of stages on the PD range of PSR3 | 1 Z 3 _ 84 005 | a7 
pumps employs an entirely new principle resulting in PSR 6 1 6 168 —005_~—C,, 
exceptional gas ballast performance. PSR 12) 1 12 336 “| ss . 1. % I 
po1 {| 2|{ 1 | 2 | -0001,, [<-001TORR 
PO3 | 2 3 | 84 =| 0001, = C001, 
N..G.N. ELECTRICAL LTD. PD6 | 2 © 168 0001 ,, <-001 ,, 
Church Bank Works, Church, Lancs. Tel: Accrington 35611 Pumps of larger capacity are being developed 












eauy alloy 


supplied in densities 16.8, 17.0, 17.5, 18.0 g/cc (nominal) 


for balance weights and screening purposes 



















Broad beam absorption of 
Gamma-radiation from 
Cobalt-60. Density : 16-8 g/cc. 
and 18-0 g cc. 


—— 


ES 
& SS 
saan S=-_- : 
METS 


This piece of G.E.C. Heavy Alloy, —_— ey : ~~ p.1] 
13 in. diam. by 6 in. deep and nwt 

weighing 660 Ib., is probably ne | 

the heaviest product ever made he 
by powder metallurgy. Manufac- 
tured for the United Kingdom 
Atomic Energy Authority. 











/ 








THE GENERAL ELECTRIC CO., LTD. Component Sales Dept. 
Osram Division, East Lane, Wembley, Middlesex. Tel: ARNold 4321 
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Telcon Metals 


Engineering 
HIGH PERMEABILITY MAGNETIC ALLOYS 


These alloys cover a wide range of permeabilities, resistivities and 
saturation inductions. They all have low electrical losses and ace 
widely used in electrical and electronic equipment. Typical applic»- 
tions include current transformer cores, magnetic screens, pul 
and audio-frequency transformers, chokes, relay parts, transducto 
and saturable reactors, telephone diaphragms and small motors. 
Most Alloys are available in cold rolled strips drawn rod and wir?, 
and forged sections. 


Summary of typical properties 




















Magnetic Properties Supermumetal 50 Mumetal Radiometal Super Radiometal Radiometal 36 R.2799 

Initial Permeability 50 000 40 000 3 500 10 000 2 000 

Maximum Permeability 200 000 100 000 30 000 100 000 10 000 70 at O°C 
48 at 20°C 

Saturation Ferric Induction (gauss) 8 000 8 000 16 000 16 000 12 000 3200 at O°C 

Remanence, Brem, from saturation (gauss) 5 000 4 700 10 000 11 000 3 500 S508 ot 99°C 

Coercivity, Hc. (oersteds) 0.01 0.04 0.15 0.04 0.30 

Hysteresis loss at B sat (erg/cc/cycle) 13 38 1 000 400 450 

Curie Point (C) | 390 390 500-550 500-550 280 60 

















Your enquiries are invited 


TELCON METALS LTD 


Manor Royal - Crawley - Sussex 


Telephone: Crawley 28800 
Telex 8748. Telegrams: Telcon, Crawley, Telex. 
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* 


for protection 
against radiation 


TRUST GEA D 


not forgetting, 
LEAD GLASS 









The technical officers of the 
Association are always glad to 
give individual assistance. 





H.C.R. A rectangular hysteresis loop alloy for Magnetic 
amplifiers and saturable reactors. Saturation induction: 
15 600 gauss Retentivity: 15 000 gauss Coercivity: 0.13 Oe 
Hysteresis loss—650 ergs/cm*/cycle Bmax = 15000 

Strip wound spiralcores are readily available in most standard 
thicknesses. 


MEMBER OF THE BICC GROUP OF COMPANIES 
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TEST SIEVE SHAKER 


for 
accurate 


particle size 
analysis 


Accurate and consistent results are the features 
required of a test sieve shaker for the sieve 
analysis of the particle size range of material. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days, Vibration alone 
tends to aggregate rather than to segregate 
particles and shaking test sieves by hand 

is not only tedious but inevitably 

produces inaccurate results. 


’ 
: 
1 
: 
q 

% 


The Inclyno Test Sieve Shaker incorporates 
a double movement that jolts and 

spreads the test material ensuring perfect 
segregation of the various particle sizes 
and presenting the maximum number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 











LEAD DEVELOPMENT ASSOCIATION, 
34 Berkeley Square, London, W.I 
Telephone: GROsvenor 8422 
Telegrams: Leadevep, Rand, London 


) 





LDAS/6! 


sieves and supplied complete with motor 
and inbuilt automatic time switch 
covering test periods up to 60 minutes. 


Tite & 4, fe 





Write or telephone 
Crawley 25166 for 
List IN 3212 


THE PASCALL ENGINEERING CO LTD 
GATWICK ROAD + CRAWLEY - SUSSEX 
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A striking picture no doubt—but only one out of a hundred that would tell a 
story of a stage in the manufacture of Hoffmann Bearings. 
Atthis point in the story, it tells how human eyes are employed for the 


inspection of Hoffmann Steel Balis—the balis which later become the rolling 
elements of Hoffmann Ball Bearings. These eyes, extremely keen, highly 
trained, pereeive the almost imperceptible, detecting cracks and blemishes of 


microscopic dimensions on the highly polished surfaces of the Steel Balls. 
B ALL AND R oO LLER Hoffmann Bearings—masterly engineered—superbly finished are brought 
meticulously through every stage of production to make the final product 


B E A R | N G S which stands unsurpassed for high degree of accuracy and quality: behind 
every Hoffmann Bearing lies over GO years experience. 


THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX. TELEPHONE: CHELMSFORD 3151 TELEX NO. 1951 


INDUSTRIAL WIREGLOTHS 
—— IN ALL METALS 


Lill LULLLLLLE LL MEUTTEUTT EET IT eter eeeeeue: 





eeveceerererrecececeeceveeceecceccceureunccewcren j 
TTT eennereeennennnateee 4 ‘ 
rt weft counts from 50 to 2000 mesh aiding 
our “Micro Mesh” Range of Specifications. 


STRAINER CLOTH 








SaTTAWTOIA WORKS 
WARRINGTON - ENGLAND 
P.O. BOX 22 


ESTABLISHED 1799 


Telephone: WARRINGTON 3240! 
Telegrams: GREENINGS, WARRINGTON 
Telex No. 62195 





FINE WIRECLOTH 





From 100 to 400 mesh 
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oO with ByC 
>s—O 
Tetrabor'’ 


Nuclear Grade Boron Carbide in grain mixtures as 


NEUTRON-ABSORBER 


ELEKTROSCHMELZWERK KEMPTEN GMBH 
Miinchen 22 Abholfach 550 





Fanci --e 





Sole Distributors for the U.K 
New Metals & Chemicals Ltd. 
Chancery House, Chancery Lane, 
London, W.C.2. Tel: Holborn 7415. Telex: 28816. 
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BALLOTINI 


SOLID GLASS BALLS 
— CHEMICALLY INERT 
— HIGH ELECTRICAL RESISTIVITY 





a a " 
on 
r Rex, 
On’ —— 
1 Ber yy Ww 
i “a> F & o G 
2th. © 7%, 
z . 3 PP. % = 
a.% .% $. om ay 
uv - b ¢< 
~ « ® eS ie) ce) - wr °. 
4) nl % 4 % ~_ a 
m e 2*t 4 YL ° . 
Ziv-p Fle 4:3 Se 
4 ¢ fal < -  & 7 
$°*°4 62 @2A4 @ ‘2 
(9) a (a) a @. () 
D2. 0:-0+ 4 DO a as 
. 8 Zz an ran) p i“ ited 
3 > 25's & 
se 32.°° 3% %& 
- a: « & 
om” 6 2° . % 
‘3.9 2 4 
0 fe) ° » 
= 7 Zz 
S QO 
3 
Pe Ww 
KG: | ENGLISH GLASS COMPANY LTD 
Se/ SCUDAMORE ROAD, N.P.E., LEICESTER 
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There is NO 


substitute for 





Only the finest Chrome Vanadium Steel goes 
into King Dick tools, so that only the finest 
service comes out of them! Constant inspec- 
tion routines ensure perfect balance and 
precision. Make no mistake—THERE IS NO 
SUBSTITUTE FOR KING DICK TOOLS! 


ABINGDON KING DICK LIMITED 


Abingdon Works, Kings Road, Tyseley, 
Birmingham |}. 
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TECHNICAL MEASUREMENT ‘CORP. 
NORTH HAVER, CONN, US.A 













efficient 4-input, 400-channel pulse height 
analyzer is easy to use, has many “‘system’’ | 
Features, weighs 37 lbs., ocewpres one cubic foot, | 
operates on 110 or 220 volts, 50 to 400 cycles AC. 
Each input has its own linear amplifier and gain control. Information 
can be stored in four 100-channel groups, two 200-channel groups or 
one 400-channel group. Direct readout on TMC Model 500 Decimal 
Printer, X-Y or strip chart recorder, IBM computer typewriter or 
paper tape punch. Add these facts (and the moderate price of the in- 


strument) to the versatility suggested by front panel photo — and you 
have the reason for the TMC 404’s popularity. Write for Bulletin 400. 


e Tie TECHNICAL MEASUREMENT CORPORATION 
441 WASHINGTON AVENUE, NORTH HAVEN, CONN. — CE 9-2501 
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MECH ME with 2 ontedjec Pipeline strainers 
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" -— : : ENGINEERS, IRON AND 
A group of ‘‘ The Lancaster ia 3 BRASSFOUNDERS 


PENDLETON, MANCHESTER 6 


© GRAMS ‘PISTONS’ MANCHESTER 





and 6” Single Strainers recently 
shipped to Caltex Ocean Termin- 
als in the Far East. 


| 
| 
] 
| For details ask for Lists 99 & 102. 
Ss se ee 











This is the front cover of 
ENERGIA NUCLEARE 


a monthly journal published by CISE, Italian 
nuclear research centre. 


~~ 


It was the first and is still the only journal in 
Italy dealing with nuclear research and appli- 
cations. Its high level content consists of: 

* original contributions (in English) on the 
results of studies and researches carried out 
by CISE or other nuclear laboratories; 

* survey articles on general or specific subjects 
of pure and applied research as well as on 
industrial applications in the nuclear field; 


* letters on scientific or technical subjects. 


ro) 
>) 


Other features are: 


* world news on the following items: politics 
and economics; reactors; materials; research; 
industrial activities and applications: health 
and safety news; schools, meetings and 
various activities; 


* book reviews. 


The yearly subscription rate is: 
£4. 15.0 (Italian lire 8000) 
A specimen copy may be obtained writing to: 


ENERGIA NUCLEARE 
Casella Postale 3986 - Milan (Italy) 


Subscription agent for Great Britain: 


ROWSE MUIR PUBLICATIONS LTD. 
RIVISTA MENSILE EDITA DAL Cie 77-79 Charlotte Street, London WI 
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PHOTOGRAPH BY COURTESY 
OE UKAEA. Copyright 


ZINC 
BROMIDE 
SHIELDING 
WINDOWS 
BY 


MENDIP (CHEMICAL ENGINEERING) LTD., LUTON ROAD WORKS, DUNSTABLE, BEDS. 
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PHOSPHORS 
quick delivery 
of standard sizes 


| CRYSTAL PHOSPHORS in many sizes mounted or unmounted—up to 7} in. 
diameter x 24 in. thick if required. Typical price for a 1? in. x } in. counting 
i crystal is £4.16.0. Typical price for a crystal with a peak-to-valley ratio on 
] Cobalt-60 of about 3.5:1 (8°,, on Caesium-137) is £31. (14 in.). Phosphors with 
resolutions of up to 4:1 peak-to-valley ratio can be supplied to customer’s 
specifications. 
i CRYSTAL/PHOTOMULTIPLIER ASSEMBLIES for optimum resolution 
and sensitivity. (1-inch counting probes and 3-inch assemblies). Resolution with 
Cobalt-60 source is better than 4:1 (peak-to-valley ratio 
normally exceed 8 counts per second. 





HNN PNA EOCHNETOSINNHEHHY 





. Background does not 


We also make synthetic crystals and supply them either as optical blanks or as 
finished optical components. 


wut Ine 


} 3-tnch crystal! photomultiplier assembly 





ee ee ce 


Please write for catalogue CH 326/255 which gives further details. 


rm 





Ne 


HILGER & WATTS LTD 98 St Pancras Way London NWI 
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CONCRETE FIXINGS . . 


As used at Hinkley Point 
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THE 


RED-HEAD a etue solved 


| 
{ Practical and laboratory tests prove 
} that the load capacity of the Red- 
| Head Anchor is even greater than the 
} strength of the best concrete. It won't 
| pull out, rust out, melt out or vibrate 
loose, and is just as reliable in hard 
brick or stone. 


CHEAPER | 


Fast economic fixing. No expensive 
drill-bits to wear out or break. With 
its eight sharp machine-ground cut- 
ting teeth, each Red-Head anchor is it- 
self a brand-NEW self-clearing, hollow 
drill. 


HOW IT WORKS 
The Red-Head broaches the hole to 
exact depth. It is then withdrawn, 


ENDECOTTS TEST SIEVES 


for accuracy 











plugged at the toothed end, and again RED-HEAD “‘snap-off’’ anchors have ; 
inserted. A few more hammer blows flush-finished internal threads, sizes Separation of powder and aggregates—particle analysis— 

cause the plug to expand the toothed 4” to §” Rod-hanger and tie-wire ‘ aa : ¢ s dard 

end, undercutting occurs. and the anchors also available using same micro sieving problems. B.S. 410: 43—U.S. Standards— 

result is a ‘“dove-tail’’ fit of immense principle. Write for literature or free 


r ivalents. Write for literature. 
strength. demonstration. Tyler Equivalents 





We operate a Recovering Service 


LTO ENDECOTTS (Fitters) LTD. Phone: LiBerty 8121/2/3 
4218 19a, Lombard Road, London, S.W.19. Grams: Endfilt, London 


UNIVERSAL INSTALLATIONS CO. 


4 Y 
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Double-action 





power for the 
production of 
pressed steel 

parts, such as 


ators, washing 
machines, sink 


household 
appliances. 


etc. 





YDRAULICS 


Press of 300 tons Press, with 100 ton _ hori- 


used in refriger- 


units and other 


Circle No 93 on reply card for further details 













250 tons Straightening 


zontal ram, forming a useful 
tool for the steel industry. 
Specially designed for 
straightening steel castings 
of all types. 


We also manufacture: High 

Pressure Hydraulic Plant for 

sionar"*0a" "ey HENRY BERRY & CO. LTD 
Workshops, Plate Bending as - 
Rolls, Punching and Shearing 


Machines, Pumps, Accume OROYDON WORKS, LEEDS 10 


lators, Valves and Intensifiers, 


TEL: LEEDS 75481-2 GRAMS: “RIVETTER LEEDS 10” 











The international review for the peaceful 
uses of nuclear energy 
A RENE KISTER PUBLICATION 





Annual Subscription (12 numbers per 
year): 

French N.F. 50; Belgian francs 640; 
Swiss francs 50; German marks 48; 
U.S. dollars 12°3; Poundssterling 4.0.0 


























Free Copy: Fill in the coupon 
herewith and mail it today. You 
shall receive a Free Copy and 
prospectus. 
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INDUSTRIES ATOMIQUES 


is the only international technical and indus- 
trial review printed in French, which specialises 


7 
ad ustiries entirely in nuclear and related subjects. 


INDUSTRIES ATOMIQUES is read by indus- 
trialists, engineers, technicians and chemists, heads of 
technical firms and by all those engaged in the world 


— of science. In short, it is intended expressly for all 
Ol ¥ bi LIPS specialists interested in research and in its practical 
realisation. 


In view of its international character, INDUS- 
TRIES ATOMIQUES is read and appreciated in 
countries all over the world. 


Up to date, more than 400 authors, all specialists, have honoured this review with their 
collaboration, and have contributed previously unpublished articles of high scientific value, 
abundantly illustrated. 


INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 
brought up to date. The international information and the list of suppliers to the atomic 
industries printed in its pages will be found invaluable. 


Industries Atomiques Subscription form 


Subscriptions can be paid in the currency of the country at any European post office. 


We desire annual subscriptions, starting from 





, to be sent to (surname, Christian names, or 








firm’s name, and address). d 











Method of payment Date and signature: 





(This form should be returned in a stamped and addressed envelope to 
NUCLEAR POWER, 77-79 Charlotte Street, London, W1.) 
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CLASSIFIED 


DISPLAY ANNOUNCEMENT RATES:— | insertion 50/- per single col. inch 
6 insertions 47/6 per single col. inch 
12 insertions 45/- per single col. inch 


LINEAGE ANNOUNCEMENT RATES:— 5/- per line, 5% discount for 6 insertions, 10% discourt 
12 insertions 
BOX Nos. :— 1/- extra will be charged 3 
COPY DATE:— Advertisements for January issue to be received not latcr 


than December 11th. 





SITUATIONS VACANT 


COURSES 








TECHNICIAN 


Nuclear Engineering Laboratory, 
Queen Mary College, (University 
of London) Mile End Road, E.1. 
To assist in the building and 
operation of equipment. The work 
includes precision mechanical 
items, electronics and vacuum 
systems. Experience in mechani- 
cal systems an advantage. Previous 
experience in nuclear field not 
essential. Salary according to 
ability on scale £490 p.a. by 
20/25 to possible £675. Plus 
London Weighting £30 to £45 
according to age, and possible 
qualifications supplement of £30. 
Five day week. Four weeks 
annual leave. Pension scheme 
Letters only to Registrar (N.E.T.), 
stating age, full details past ex- 
perience and present work. 











OFFICIAL APPOINTMENTS 








INSPECTORS OF NUCLEAR 
INSTALLATIONS 
Ministry of Power 

At least six pensionable posts in 

London for men and women aged 

at least 30 on 1.11.61. Appli- 

cants should normally have an 
honours degree or equivalent, or 
have achieved corporate member- 
ship of the Institution of Mech- 
anical Engineers or the Institution 
of Electrical Engineers. Experience 
necessary in one of the following 
fields: (a) electrical distribution 
systems fault protection and 
safety features; (b) light mech- 
anical or electrical engineering 

control theory and electronic 
or relay systems; (c) mechanical 
engineering construction and 
maintenance — heavy engineering 
components for power plants. 

Knowledge of nuclear reactors 

and associated electrical plants 

an advantage. Inner London 
salary scale £1,516-£2,015. Start- 
ing salary may be above minimum. 

Promotion prospects. Write Civil 

Service Commission, 17 North 

Audley Street, London, W.1 

for application form quoting 

§/5406/61. Closing date 12th 

December 1961. 





U.K.A.E.A. 
HARWELL REACTOR SCHOOL 
Standard Course No. 24 | 
To be held from 8th January to 25th May, 1962. Fee £250 exclusive of 
accommodation. 
This Course has recently been revised to include the latest information of 
interest to engineers and physicists whose main concern is reactor design or 
operation. The course is divided into three parts. Part I consists of nine 
weeks at a College of Advanced Technology while the remaining ten 
weeks of more advanced study takes place as Parts II and III at .A.E.R.E. 
Harwell and A.E.E, Winfrith respectively. 
Instrumentation of Reactors Course No. 1 
To be held at Durley Hall, Bournemouth from 12th-23rd February, 1962. 
Fee £52 10s. exclusive of accommodation. 
This Course has been designed to replace the Control and Instrumentation 
of Reactors Course and is intended for those who have a direct interest in 
instrumentation of nuclear reactors. It is assumed that participants will 
have some knowledge of the basic principles of the subject. 
Senior Technical Executives Course No. 14 
To be held from 28th | to 8th June, 1962. The first week will be at 
the Reactor School, Harwell, and the second week at Durley Hall, Bourne- 
mouth. Fee £52 10s. exclusive of accommodation. 
This is an appreciation course intended for senior executives, which covers 
the background to reactor physics and engineering and includes simple 
experiments, applications of nuclear engineering which are illustrated by 
visits to A.E.R.E. Harwell and A.E.E. Winfrith and a Nuclear Power 
Station. 
Application forms and further details for these courses can be obtained 
from:— 


The Manager, Reactor School, 
A.E.R.E. Harwell, 
Berkshire. 

















Translators, free-lance, required by 
translation bureau. Atomic energy and 
affiliated subjects. Subjects will range 
from sales literature to research and 
conference papers. Please state qualifica- 


QUEEN MARY COLLEGE 
(University of London) 
Mile End Road, E.1. 


NUCLEAR ENGINEERING tions, languages from or into which 
LABORATORY you translate, also fees expected. Box 
210. 


A Chief Technician is required 
to help in developing equipment 
and to supervise newly-erected 
laboratories. Experience in a 
laboratory, adaptability and en- 
thusiasm are more important than 








CONSULTING 
ENGINEERS 


require a number of well qualified and 











paper qualifications or specialised 
experience. The work of the de- 
partment includes electronics, 
vacuum circuits and precision 
mechanical engineering. A_ well- 
equipped electronics workshop 
and machine shop are available. 
Pension scheme; five day week; 
four weeks annual leave. 
Appointment, according to ability 
etc. on scale £940 x 30 to £1,060 
and in special cases to £1,195 
per annum. 

Letters only to the Registrar (NC), 
Queen Mary College, stating age 
and giving full details of ex- 
perience and present work. 








experienced engineers for their Nuclear 
Power Department to fill the following 
vacancies: 
1. REACTOR MECHANICAL 
ENGINEER. 
2. ELECTRICAL ENGINEER 
3. CONTROL AND _ INSTRU- 
MENTATION ENGINEERS. 
The successful applicants will be required 
to join a team of engineers engaged on 
nuclear power station projects, and may 
be called upon to spend a period on site 
or abroad. Qualifications required are a 
degree or corporate membership of a 
Senior Engineering Institution. If neces- 
sary suitable nuclear training will be 
provided 
Applications, including details of age, 
qualifications and experience, should be 
addressed to KENNEDY & DONKIN, 
12, Caxton Street, London, S.W.1. 
quoting Ref. RFG. 
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SUPPLIES & SERVICES 





FOR ALL METAL FINISHES 


Electro Plating in Rhodium, Gold, Silver, 
cadmium, Chromium, Nickel, Copper, 
Tin, Zinc, Lead, etc. Enamelling, 
Lacquering, Shot-Blasting, etc. 
AI.D., A.R.B., D.I.A.R.M. Approved. 


HARRIS PLATING WORKS LTD. 
18 New Wharf Road, TERminus 7263 
Lendon, N.1. (S lines) 











SCINTILLATION PURITY 
CHEMICALS. A_ wide range 
available at highly competitive 
prices. Caliburn Chemical Com- 
pany, 53, Cathcart Road, London, 
S.W.10. 











Surplus Industrial and Laboratory 
Instruments, ex U.K.A.E.A., for pres- 
sure, vacuum, temperature, flow, 
humidity, oxygen, nitrogen, etc., 

Apply to:—L. Solomon Ltd., 1, Beau- 
fort Street, Manchester, 3. Tel:- BLAck- 
friars. 4571. 





R. & J. PARK LTD 


Dominion Works, Chiswick 
England 
s 
Export packers, shippers and for- 
warding agents. Specialists in 
packing heavy machinery 


AT YOUR 
SERVICE 


when you need 


an expert 

















| We specialise in 
GRAPHITE 
in any form. 
EX-TRANS-IM LTD. 
34 Holly Park, N.3. 











Cc. W. GARRETT & SON LTD., 


ALL DRAWING OHICE SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


» 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 
Telephone: ISLeworth 4433 (4 lines) 








RING MUSEUM 8252 FOR SERIES RATES 








Higher Tensile Steel Chain Slings and 
special Lifting — of every 
description D.G.I. approved 
TOM SMITH & CLARKE LTD., 
Chain Manufacturers, 


Port Tennant, Swansea 
Telephone No. 53106 (4 lines) 











EXPERIMENTAL ENGINEERS 
TO THE NUCLEAR INDUSTRY 
PROTOTYPE DEVELOPMENT WORK 
SPECIAL COMPONENTS 


* 
PROTOTYPES (Croydon) LTD. 
Vulcan Way, New Addington, Surrey 

Telephone: Lodge Hill 2022 


PROTOTYPES 


Design 
and construction 
of 
Special Machinery 


RESEARCH 
ENGINEERS LTD. 


11/31, Orsman Road, Shoreditch, 
London, N.1. 
SHOreditch 7811 (5 lines) 


Telegraphic Address: 
Wilmaket, London, N.1. 

















ASH & LACY LTD. 
PERFORATORS OF 


Steel, Aluminium, Copper, Brass, Zinc, 
Tinplate, Stainless Steel, and many other 
materials in all gauges for all industrial 
purposes. 
Meriden Street, 
Birmingham, 5. 


Birmingham : 
MIDland 6371 














ELECTRIC STAPLING 
& 
NUMBERING MACHINES 


Bates office machines are the standard 
for excellence in devices of their kind. 
MAGOWAN & CO. LTD., 


St. Johns Street, Wolverhampton. 
Wolverhampton 20244/24750/24759 

















JAMES BRUTON & SONS Ltd 
+ 
MANUFACTURERS OF _ VITREOUS 
ENAMELLED IRON SIGNS & PLATES 
For all Purposes 
87-89 Hedge Lane, PALmers Green 
Palmers Green, London, N.13 6845 (2 lines) 
Telephone: ‘“‘Enambrut, Norphone’”’ 











Laboratory and Site 
Non-Destructive Testing Service 
X-RAY + GAMMA RAY 
ULTRASONIC 
Magnetic and Fluorescent Crack 
Detection. 

Anywhere — Anytime 
GAMMA-RAYS LTD. 
Foundry Lane, Smethwick 40, 
Staffs. 

Telephone: SMEthwick 0846. 











KEEP MOISTURE OUT OF 
YOUR EQUIPMENT 
Activated Alumina is the dessicant 
used in most atomic energy projetcs 
Packed and distributed by: 
D. S. HILTON & CO., 

2, The Crossways, New Ferry, 
Cheshire 
Telephone: Bromborough 3150 








ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 

ALPHAMIN LTD. 


4 Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 
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RELAYS EX-STOCK & READY NOW! @ SBP 

3000 type relays. 6 to 60 volts. SS = > 
2, 4 & 6 change over. = : 

OFF THE SHELF 
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PRODUCTION DIRECTOR Sti. 
IRONGATE WHARF RD. PRAED ST. LONDON W2 
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STAINLESS STEEL FLANGES 


Specialists in the manufacture of— 


* FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
* PROFILES CUT FROM PLATE TO ANY THICKNESS OR SIZE 


From approved grades of stainless steel 
KEEN PRICES—PROMPT DELIVERIES 
Let us quote for your requirements. 
STAINLESS STEEL PROFILE CUTTERS LTD. 


Dept. N.P. Farfac Works, King’s Grove, MAIDENHEAD, Berkshire 
| *phone 1522/23. 
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Book Reviews and Products are collected under these main 


headings. Contributed articles are included both under the author’s name and under the 
subject. Progress and business activities are entered under a company’s name, whilst marketed 


products are included in the Products section. 


A 
Accelerators 
4°3MeV mobile unit for Trawsfynydd (Mullard) 
Feb 90, High Voltage orders June 87, polarized 
protons device, NIRNS Nov 63, pulsed - 
linear (High Voltage) Apr 106, site radiogra 
(R. F. Hanstock) Feb 69-71, 20MeV for Ox ~ 
July 63, Universities of Georgia and Texas 
‘ . June 92 
for US aviation industry (High Voltage) 
Dec 92 
Accidents (nuclear) 
Criticality in Idaho processing plant Apr 73, 
dosimetric investigation of the Vinca accident 
(IAEA Report TO/HS/22) Mar 110, few atomic 
reactor accidents (L. Goodman) Mar 110, 
interim report on SL-1 (P) Mar 96-9, Partial 
list of accidents involving radiation (L. Good- 
man) Mar 110, Plutonium release incident at 
Oak Ridge (ORNL paper) Feb. 89, SL-l 
investigations Feb 59, core damage Apr 72, (P) 
May 57, decontamination June 60, report 


SL-1, cause Dec 60 
Activation analysis: use of radiotracers by BMI 
° ...Aug 57 
Oct 92, Shell use of deuteron accelerator 
Aug 92 
AEG (Germany): nuclear development 
work ; .Mar 94 
Albania: nuclear activities 1960 Jan 61 
Alcan: new continuous strip mill for 
aluminium Jan 101 


Aluminium 
cold extrusion (NEL) Nov 63, 144in continuous 
strip mill (Alcan) Jan 101, Effect of heat treat- 
ments on the structural stability of sintered 
aluminium products (Danish AEC report) 


Nov 85 
AMF Lid: Engineering Exhibition May 78 
Argentina: uranium Feb 56, 57 
Argentina: Euratom agreement Dec 57 


Argonne National Laboratory: activities 
Feb 91, mobile manipulator develop- 
ment May 87, synchrotron progress (P) Feb 57 


new director: Dr A. V. Crewe . Dec 96 

$4.4 million hot laboratory Dec 64 
Armstrong Whitworth - Brush new 

electronics firm May 96 
Ashmore, Benson, Pease: Hero Reactor 

vessel (?) May 88 
Atomic forums (Letters) Sept 49 


Atomics International: reactor shutdown device 
(P) Jan 102, new thorium reactor research 
facility ; Mar 96 

Australia 
nuclear activities 1960 Jan 68, AEC annual 
report Feb 55, Moata critical June 56, National 
University tandem generator Jan 60, 180MW 
station Oct 57, isotope production Jan 60, 
Queensland isotope interest June 59 

Australia — uranium: Government rewards with- 
jrawn Apr 72, new Rum Jungle deposit Apr 74, 
June 60, taxation concessions May 56, find 
rewards May 57, European talks, May 58, 
lelivery ..Nov 58 

Austria: nuclear activities 1960 Jan 61, Siemens 
Argonaut for Graz University Nov 54, Voeest 
receives Dragon helium container contract 


an 57 
Authors Index 
Armor, J. Dungeness nuclear power 
tation: 4. gas blowers and drives Apr 83-4 
Arms, H. S. Sizewell nuclear power 
tation ] optimizatior of the 


design . Sept 61-5 
Anscomb, R. Nuclear ship propulsion— 

an IAEA symposium .... Jan 86-8 
Balke, S. Atomic energy in the German 

Federal Republic .. .Mar 57 
Barendregt, T J. Aspects of 

Eurochemic reprocessing facility 


© May 59-64 
Becker, M. Fuel elements for German 


reactors . eae ..+....Mar 81-4 
Bolton, J. C. and Tennet, M. G. 
Jason operating experience—2 Jan 89-91 
Borst, W. Germany: the legal position 
cnaealnae ..Mar 77 


Bottrell, C. and Caldwell, J. Sizewell 
nuclear power station: 5. conven- 
tional plant design ........... Sept 76-81 
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Euratom and the USA: Hirsch speaks on the 
joint programme Feb 54, ainendments to the 


joint Act . : -Oct 57 
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June 54, research expenditure May 56, Sena 
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marine trials by 1967-8 July 55, USSR agree- 
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(Allis-Chalmers) Nov 62 
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Fuel handling procedures for organic moder- 
ated reactors (Al paper) Sept 82 
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Gas density Beta-ray gauges for gas 
density measurements (report ORF 
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General Dynamics: HTGCR flow simulator (P) 
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General Electric Co. Ltd. APC merger Feb 53, 
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graphite for fuel canning July 80, graphite pact 
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Richardsons Westgarth Aug 94, profits and loss 
1960-61 Sept 90, staff cuts May 53, Windscale 
remote handling contract Sept 90 

General Electric Co. (Engineering) Ltd 
new company formed Dec 96 

General Electric Co. (US) Cornell University 
fuel order Nov 94, competitive range of BWR's 
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Jan 101 

Crenerators emergency engine starting 
device (UKAEA) July 88 

German Democratic republic nuclear activities 
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nuclear power station Oct 55, research reactor 
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German Federal Republic (articles) 
atomic energy in the German Federal Republic 
‘S. Balke) Mar 57, financing atomic energy 
(S. Hollands) Mar 79, legal position (W. Borst) 


Mar 77, Liability and insurance (H. H. 
Haunschild) Mar 78, nuclear research in 
Western Germany (W. H. A. Hocker) Mar 
60-2, reactor development (table) (J. S. Burkett) 
Mar 80, role of the Deutsches Atom-Forum 
(K. Winnaker) Mar 85, West German nuclear 
scene (Editorial) Mar 51, West Germany’s 
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tions and companies in the nuclear field 
(directory) Mar 86-90 
German Federal Republic (See also: Reactors) 
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activities 1960 Jan 62, Argentine uranium 
analysed Feb 56, atomic budget agreed May 54, 
Baden Wuerttenberg power station investigation 
Jan 58, fuel re-processing — companies merge 
July 94, fission product work Apr 71. fusion 
contract—Euratom May 56, isotopes research 
institute—Goerttingen Jan 58, isotope users 
Feb 55, marine contract—Euratom Apr 71. 
Aug 56, nuclear ship round up May 55, nuclear 
ship decision soon Sept 54, nuclear ship ordered 
Nov 57, nuclear investment criticised Oct 56, 
nuclear bureau (Schleswig-Holstein) Apr 72, 
Nukem uranium dioxide furnace Feb 54, 
Peruvian uranium survey Nov 58, _ safety- 
Manneheim group May 55, Schleswig-Holstein 
working group on nuclear energy uses Aug 56. 
RWE studies 250-350 MW plant Apr 71, Aug 56 
RWE tenders Dec 56 
Ghana: USSR to supply research reactor Dec 58 


GKSS: share capital Apr 114 
Glasgow Royal College of Science and 
Technology new high voltage 
laboratory Sept 83 
Graphite 


Calder inspection (Pf). Oct 85, fuel canning 
(GEC) July 80, German production (Sigri) Mar 
92, impermeable (Hawker Siddeley NP Co) Jan 
97-8, irradiation rig (AERE (P) Sept 85, 
Propagation of thermal waves through 
graphite with uniform cooling (report AERE 
R 3500) Feb 88 
Greece: IMW AMF research reactor 


and research centre completed (P) Sept 57 
Gutehoffnungshutte heat exchanger 

for Kahl (P) Mar 93 
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Hawker Siddeley N.P. Co closes down .. May 53 
Hayward Tyler £100,000  Sizewell 

pump contract Apr 114 
Head Wrightson Bradwell charge 
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Heat exchangers, Sodium Design of reliable and 
economical heat exchangers for high tempera- 
ture sodium service (Alco paper) Nov &5 

Heat Transfer Conference, IMechE 
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Heat transfer: research at CERL (J. A 
Hitchcock and J. Lis) Dec 65-8 


Heavy water 
Canadian economics study June 59, German 
production (Linde) Mar 93, infra-red analysis 
(AECL) Feb 92, Savannah River reprocessing 
services for foreign operators Sept 58 
Helium: price (Letters) Mar 49 
Heraus: electron beam welding fuel 
elements Mar 94 
High Voltage Engineering Corporation 


5-SMeV accelerator for S. Africa Oct 94 
Hobson: Berkeley hot laboratory May 78 
Hot laboratories: 8th US Conference 
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tron in operation Nov 54, ‘Energy Centre’ to 
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Hydrogen, liquid cross-section Nov 62 
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India 
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sidered Sept 57, Delhi station considered 
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57, 8, Nov 61, uranium search May 56, 
USSR agreement Nov 59 
Tarapur bidders Dec 58 
Indonesia activities 1960 Jan 69, trainees for 
Russia May 57, Triga-US contribution June 56 
Instrumentation Dounreay reactors 
(D. Taylor) May 65-7 
Insurance problems, UK May 54 
Interatom: advanced reactor studies Mar 94 
International Atomic Energy Agency 
biological effects of radiation meeting June 54, 
conference Nov 56, costing manual Jan 59, 
Feb 54, Director General Sept 55, 60, ENEA 
agreement Jan 59, fellowships cost Nov 88. 
Finland Triga agreement Feb 54, Finland 
prospects Feb 55, Foratom Sept 54, liability 
draft July 56, Netherlands reactor evaluated 
May 54, Philippine report Oct 57, plasma con- 
ference Q@ct 55, progress 1960 (S. Cole) Jan 71, 
safeguards inspectors Nov 56, Vinca dosimetry 
measurements Feb 54, Yugoslavia Triga May 
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56, Yugoslav plans for small power react 
: cerita ee voce 2 
reactor symposium Dec § 
International Combustion: boilers for Traws 
fynydd (P) Aug 80, merger with Superheater 
Co. Ltd. 9 


’ ouae. cee 
Iodine -125: production (ORNL) Nov 90 


production plan (Chicago Uni.) Oct 9 
Ionizing Radiations Sealed Sources 

Regulations ? Sept 53, Oct 5 
Iran: nuclear activities 1960 ‘. Jan 7 
Iraq nuclear activities 1960 Jan 70, IAEA 

experts visit Nov 5: 


Irradiation of materials: alpha effect 
on copper ooo s «At 
Irradiation experiments: Correlations of powe 
measured by thermo-dynamic and radiochemica 
analysis with flux wire measurements (Genera 


Aircraft paper) July 8 
I 

Irradiation, progress (S. Jefferson) Jan 80-1 

Irradiation techniques (O. S. Plail) Jan 82-85 


Mar 100-2, Apr 101-3, May 82-6, June 81-2 
Israel: nuclear activities 1960 Jan 70, admits 
building second reactor Feb 56, secret reactor 
denied .. Jan 66 
Italy 
activities 1960 Jan 63, CISE laboratories (P 
Feb 54, Elk River fuel processing Sept 55 
Enrico Fermi Centre Jan 59, Latina fuel agree- 
ment Oct 55, OEEC convention on civil lia- 
bility Jan 59, OMR (30 MW) plans May 56 
OMR work with Yugoslavs June 55, Ispra 
transferred to Euratom June 55, plans Apr 72 
nuclear power competitive in 1970 July , 56 
nuclear ship roundup May 55, power committee 
Sept 55, SELNI site purchased Feb 55, SENN 
reactor output increase Jan 59, Euratom fuel 
contract Nov 57, shipping daté changed Nov 
59, thorium-U233 reprocessing plant May 56, 
Yugoslavia agreement Jan 59 


Japan 
nuclear activities 1960 Jan 69, AEC 4th annual 
report June 57, Sth annual report Nov S59, 
budget cuts May 58, critical assembly for 
JAERI Aug 57, fuel team visits Eurone and US 
Mar 56, Germany visited Apr 72, JAERI sets 
up radiation chemistry division Feb 58, JRR-2 
(P) Feb 58, JRR-2 progress May 58, JRR-3 
second fuel load ordered Oct 57, MTR team 
on tour May 58, ore-carrier plans Feb 57, 
June 60, programme Apr 74, (Letters) Apr 65 
radiation chemistry central laboratory planned 
Nov 90, radioisotope laboratory Feb 59, 
radioisotopes plant planned Nov 90, reactor 
total Nov 59, second power reactor June 57, 
Mar 56, US submarine ban Nov 58, Tokai 
Mura: French graphite June 56, delay Nov 58 
USSR agreement Aug 57 
Euratom agreement Dec 57, MTR plans Dec 59 
Johnson Matthey control Swedish 
A Gosta Nystrom Jan 108 


K 
Kent, George: Trawsfynydd instrumen- 
tation order Nov 94 
Korea nuclear activities 1960 Jan 69, Triga at 
Seoul starts up Feb 56 
L 


Linde: heavy water production, Germany Mar 93 
Liquid level monitor (UKAEA) Feb 92 
London University: subsidy for £2M 


Atlas computer Dec 8&5 


Magnetohydrodynamics: MHD Power 
research in the } (Parsons’ 


paper) May 93 
Magnets superconducting (Westing- 

house and RCA) Nov 62 
Magnox welding Stainless steel 

(British Oxygen) Jan 102 


Manipulators (See also Remote 
handling): development at ANL and 
Esso Research May 87 
Mannesmann: pressure vessel research Mar 94 
Martin Co Ltd: SNAP Pu-238 generators (P) Aug 
92, Nov 90, radioisotope powered weather 
Station (P) Sept 8&8 
Materials, radiation damage CEGB 
Berkeley Conference (G. E. Darwin 
and A. A. Johnson) 
Metallurgy: teaching engineers 
Middlesex Hospital Medical School 
Institute of Nuclear Medicine proposed Nov 90 
Mitchell Engineering: Italian BWR study June 54 
Monte Carlo programme for calculating high 
energy spectra cylindrical geometry, etc. (Report 


Aug 64-5 
Jan 99 


AEEW R 45) Feb 88 
Montecatini: industrial research Apr 105 
Morganite Research and Development 

Ltd: high temperature thermocouples . June 70 
Morocco reactor study for steam 

production Aug 57 
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pment Ltd: 4°3MeV 


N 
a rator for radiography 


Feb 90 


N au of Standards: 50,000 curie 
‘ urce Sept 85, new laboratories 
Oct 86 


ities 1960 Jan 63, Dutch Atom 

d May 96, LFR research reactor 

Neratoom to build Dragon core 

52, Neratoom reactor design study 

Aug 53, Petten reactor centre (P) 

sferred to Euratom Oct 56, Petten 

actor safety May 54, RCN annual 

‘4, RCN marine reactor agreement 

' n Aug 56, Savannah visit Apr 72, 

GEC (US) 50 MW _ BWR study 

Aug 55 

\ section evaluation group newsletter 
Report BNL 634) Jan 100 

\ ctors Fission measurement with 
wrier solid state ionization chambers 

AERE R3524) Apr Ill 

N x escape probabilities outside  self- 
sorbing cylindrical sources (E. W. Sidebotham) 
Dec 70-4 
May 88 


N flux calibration (NBS) 
N e 4 Influence of the 


x measurement 
1a background on the measurement ranges 
neu detectors in’ DR2 (Danish AEC 
rt 24) Oct 83, Measurement of fast neutron 
ix using the S-32 (n,p) P-32 reaction (Report 
\ERE R 3443) May 93 
r sources for Bradwell and 
Berkeley Sept 85 
New Zealand: nuclear activities 1960 Jan 70 
elopment of high-strength 
, r-alloys, etc. (Report BMI-1417) Feb 88 
Nitrogen, high purity for UKAEA 
Petrocarbon) (P) Apr 104 
Northwestern University, Illinois: new 
iaterials research centre 
Norway 
clear activities 1960 Jan 63, Halden fuel 
xperiments Apr 72, June 55, Institutt for 
Atomenergi report Sept 54, JEEP resumes 
operations Jan 58, NORA zero energy reactor 
assemby (?) Jan 57, nuclear ship possibility 
Aug 56, reprocessing plant starts Oct 56, 
UAR agreement Feb 54, USSR agreement 
72 


Apr 
Nuclear Developments Ltd: formation 
May 55, June 77 





7 





Aug 90 


Nuclear Enterprises human body 

monitor for Karlsruhe Feb 92 
Nuclear Graphite Ltd: redundancy Apr 71 
Nuclear power economics (Editorial) Sept Sl 
Nuclear Power Group. The: profits 

and loss June 87 


Nuclear Propulsion—Aircraft and Rockets 
US Nuclear Engine for Rocket Vehicle Pro- 
pulsion contract Sept 58. flight test 1966-7 Nov 
S9. US rocket engine proposals Feb 56, US 
SNAP reactor progress Feb 58, US SNAP-2’s 
third reactor critical May 56, US TORY IIA-1 
ramjet tested Sent 59, US turbo-jet power plant 
fight tests Apr 74 
Kiwi test delayed Dec 58 


Nuclear Propulsion—Marine 


(See also: Euratom, France, Germany) 

jigital computers cut plant costs Dec 64 
Enterprise aircraft carrier trials Dec 58 
gas turbines (Letters) Dec Sl 
Interatom marine reactor design (F. E 

Faris) Mar 75-6 
Japanese-German agreement May 96. Japanese 

ore-carrier plans Feb 57. June 60 
Lenin progress Jan 60, uranium 

consumption Sept 57 
Llovd’s Register of Shipping Rules and 

Nuclear Ships May 93 
nuclear ship propulsion—IAEA sym- 

posium (R. Anscomb) Jan 86-8 
nuclear ship indecision ,(Editorial) May S51, 

(Letters) July 49 
nuclear ship design (Letters) Aug 49 
nuclear ships uneconomical (Letters) Aug 49 


Savannah: fuel elements delivered Feb 57, AEC 
safety hearings June 59, tests scheduled Aug 
S8. fuelling starts Sent 59, fuel loading 
delayed Nov 60 
fitting out (P) Dec 60 

second UK submarine Mar 54, keel to be 
laid Feb 53 

Three design studies for selecting a_ prototype 
reactor for a nuclear tanker (USAEC report 


TID-8528) Jan 100 
UK budget slashed Apr 72. Aug 54 
UK Government decision Dec 56 
US icebreaker feasibility project Apr 72 


Nucleaté boiling Measurement of rapid surface 
temperature fluctuations during nucleate boiling 
of water (Kansas Un. paper) Aug 84, Statistical 
analysis of nucleate pool boiling data (Ethyl 
Corp. paper) Oct 8&3 


°o 


Organic coolants and moderators 
Irradiation of Santowax-R with fission frag- 
ments (Report AERE M715) Jan 100, Radiation 


NUCLEAR 
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and thermal stability of some potential organic 
moderator—coolants Part iv, chemical deter- 
minations in BEPO (Report AERE R_ 3564) 


July 89 
Fast neutron damage to polyphenyl 
coolants (Al paper) Dec 86 
Oxford University new nuclear re- 
search centre F July 63 


P 


Pakistan 
nuclear activities 1960 Jan 70, Institute of 
Nuclear Science June 58, (P) Sept 59, power 
reactors: Nov 58, US aid Aug 57, plans for 
three stations June 57, UK agreement Nov 58 

Parsons, C. A new engineering labora- 
tory (P) Nov 63 

Peru: GEC(US) reactor project Oct 57 

Petrocarbon: high purity nitrogen for 

> 


UKAEA (P) Apr 104 


Philippines nuclear activities 1960 Jan 70, 
IAEA power review Oct 57, IMW reactor 
(P) Nov 58 

Physical Society Exhibition, 1961 Feb 83-6 

Pipes: inspection by television (Pye) Jan 102 


Plutonium in reactors, use (M. B. Waldron) 
July 58-62, (Students) July 92 
Plutonium: new AEC charges Jan 108, UK plans 
(Editorial) July Sl 
Plutonium-238 generators for SNAP 

(Martin) (P) Aug 92, Nov 90 
Poland 

nuclear activities 1960 Jan 64, hot chamber 
June 56, Krakow conference Sept 55, third 
reactor to be built June 55, E. Germany agree- 
ment May 55, Italy agreement Feb 53, USSR 
aid for second research reactor Oct 55 
Portugal 

nuclear activities 1960 Jan 64, research centre 
delay Mar 56, new sources of energy study 
May 55, IMW reactor installed (P) June 58 


power station study Oct 56 
Powder metallurgy: Fourth International Plansee 
Seminar (J. W. Taylor) Oct 78 


Powell Duffryn: 1969-61 report Oct 94 
Pressure vessels: (Mannesmann) Mar 94, band 
reinforcement (J. Thompson) (P) Nov 64,, rings 
(Darlington Forge) June 84, stress relieving at 


Hunterston (P) Nov 
Process chemistry, progress (G. 

Hall) Jan 79-80 
Public opinion polls, USA Jan 92 


Pumps in atomic energy: survey July 68-73 


Pumps: controlled leakage, for Path- 


finder BWR (R. A. Haugen) July 74 
Pumps: glandless heavy water (D. W 
Jamieson) July 75-6 


Pumps rotary, for hydrofluoric acid 
(UKAEA) Feb 92 
Pye AMF licensing agreement Jan 108 


Products (New Products Survey) 
Amplifiers 
d.c. ASCIOL (Intertechnique) May 91, 466A 
transistorized (Hewlett-Packard) July 91 
N-337 linear (Hamner) (P) Nov 86 
Ball screws and splines (Bristol Siddeley) May 78 
Blowers gas (Holmes-Connersville) Feb. 96. 
CO; circulator (Plannair) May 80 
Boilers 
Packaged “‘Demipac’’ (J. Thompson) May 79, 
radiant heat (Fraser) May 79, supercritical 
(Babcock & Wilcox) (International Combus- 
tion) May 79, ‘Swirlyflo’ MKIII (Spanner) 
M: 79 


Burst-slug = detection selector valve (CAV) 


May 78 
Boron silicide (Allis-Chalmers) Nov 87 
Brazing, vacuum furnace (Vacuum Research) 
Apr 106 
Cable sheathing (British Geon) Feb 96 
Capacitor metallized film (Torvac) Dec 90 


Cathode ray tubes 
accessories (General Dynamics Electronics) 
Oct 88. discharge trigger (Mullard) Feb 86, 
double-gun acceleration (M-O Valve) Oct 89, 
Phosphor (Electric Tubes) Feb 86, post-de- 
flexion acceleration (GEC) Feb 86, rectangular 


flat faced (20th Century) Feb = 8&6 
Chemical analysis by radioactivity (Tracerlab) 
Apr 106 


Compressors: (Broomwade) (Godfrey) (Holland 
Engineering) (Reavell) (Wellworthy) May 80. 


air TT6 (Atlas Copco) Jan 106 
Computer control: PowerMag solid state system 
(Hagan) Aug 89 
Computers-analogue: TR-5 mounting unit (Elec- 
tronic Associates) July 91 
Computers-digital: Stretch (IBM) Oct 86 
Computers-digital: ICT 1301 Dec 88 


Concrete drills (Coventry Compressors) May 91 


Concrete fasteners ‘Rawlties’ and ‘Rawlplugs’ 
(Rawiplug Co.) Jan 102 
Cooling towers: (Head Wrightson) (Film Cool- 
ing) May 80 


Corrosion prevention ‘Corrosometer’ control 
(Winston) Sept 87, Galvafroid-Micanox paint 
(Secomastic) Jan 106, Apr 109, plastic coat- 
ing (Evershield) Feb 9%, resin wall coating 


(Lloyds Packing) Nov 87 
Counters: decade (Winston) Oct 89 
Data handling systems: AWRE (UKAEA) Feb 

86, ‘Sceptre’ discharge (AEI) Feb 8&6 


Data processing equipment 
analogue-digital converter (Fernsteurergerate) 


December 1961 











Mar 105, analogue-digital converter ‘Digisyn’ 


(Wayne George) Feb Datafiex’ printed 
board (Ericsson) Feb 86, digital printer 
(Kienzle) Mar 105, digital store (International 
Computers) Feb 86, ‘“Surveytron’ digital printer 
(Radiation) Jan 106, tape transport mechanism 
(Redifon) Jan 106, thin’ film (Remington- 
Rand) May 91 
ED1035-6 high ‘speed printers (Solartron) (P) 
Dec 89, ‘MicroSADIC’ analogue/digital con- 
verter (Consolidated Systems) (P) Dec 90 
Density gauge ‘Qualicon’ (Nuclear Chicago) (P) 

Sept 86 
Diamond coated tools (Dia-Chrome) Aug 86 


Diesel engines (Motoren-Werke Mannheim) 
far 105 

Diodes: subminiature glass zener (International 
Rectifier) Nov 87 
Ducting: reinforcement rings (Darlington) May 
78, spirally-wound (Hargreaves) Aug 89 
Electrical connexions solderless (Sealectro) 
Nov 87 

Electrical measurements multi-range meter 
UPHI (Aveley) Aug 89 
Electronics tester I A-303 (Lavoie) (P) . Oct 88 
Electronics tester: ‘Score’ automatic (Elliott) 
(P) Dec 89 
Fans axial (Blackman) May 78, tangential 
(Solartron) May 91 
Feedwater analyser SSA (Electric Instrumentsy 


Feb 94 

Filters 
Air unit adapted (Cimex) (P) July 99. gas 
(Delbag) Mar 105, porous p.t.f.e. (Bound 
Brook Bearings) Jan 102 (Dallow-Lambert) 
(Martonair) (Auto-Klean) (Intermit) *‘Unipak*™ 
*“Unimaster’ (Vokes) May 80 
‘Dalamatic’ automatic dust (Dallow Lambert) (P> 


Dec 88, Isokinetic gas sampler (Visco) Dec 89 
Fire-proof fabric (Herculite 20) Apr 109 
Fission counters: up to 850°C (20th Century) 

eb 85 
Flaw detector: gamma image intensifier (Zenith 

Radio) Aug 89 
Floor covering. epoxy resin (Corrosion Chemi- 

cal) May 91 


Flow measurement 
Arkon ball (Walker Crosweller) Oct 89. differ- 
ential pressure flowmeter (Lintronic) Feb 86. 
electromagnetic (Fischer & Porter) May 91. 
Flowmeter (Langham Thompson) Feb 6. 
zas flow monitor (Hastings-Raydist) (P) Apr 
109, high temperature liquids (Meterflow) (P) 
Oct 87. magnetic (UKAEA) Feb 86. radio- 
active rotameter (DSIR) Feb 84 


202 recorder (AEI) Dec 90) 
Frequency measurement TSA3336 equipment 
(Venner) June 89 


Fuel elements: leak detection spectrometer (20th 


Century) (P) Aug 8&8 
Furnaces 1050-1500°C (Shandon) Apr 108, in- 
duction (Edwards) Sept 87 


Gas analysers (Consolidated Electrodynamics) 
(P) Apr 108, (Virus) Mar 104, infra red 


chromatography (UKAEA) Feb 86 
Gas circuits (Richardsons. Westgarth) May 78 
Gas coupling (Fluidrive) May 78 
Gas flow counters: FD series geiger-proportional 

(Tracerlab) June 89 
Gas moisture meter, AWRE (Shaw) Apr 107 
Gas purifier (Deoxo) Feb 95 
Gases, liquefied (BOC) Apr 109 
Gears 


epicyclic planetary (W. H. Allen) May 80 
Glass high temperature (Corning) May 88, 
low radioactivity (Corning) Feb 9% 
Glove boxes: (Townsend and Mercer) Feb 84. 
controlled atmos. (Gallenkamp) Feb 84. seals 


(Dowty) (P) Apr 107 
Graph plotter: automatic QL (Benson-Lehner) 
Jan 106 


Hardness tester (Metallurgical Services) Oct 89 
Heat exchangers: ‘Intergron’ units (ICI) May 79, 
ripple finned tubing (Spiro--Gills) May 80. 
tubes (Clayton) May 79 
Heaters—induction: (English Electric) Feb 96 
E9ZS (Delapena) June 89, 150 Ke/s (Dela- 


pena) Nov 87 
Heaters: spiral tube (Spiral Tube) May 80 
Heating elements: flat foil (MEI) (P) May 89 
Ignitrons, coaxial (AEI) Dec 90 
Image intensifier (20th Century) Jan 102 


Instrument warning device (Sealy) (P) Aug 88 
Insulation: asbestos (Cape Asbestos) (Turner & 
Newall) May 80, polyurethane foam (Newalls) 
May 80, silicone resin impregnation (Midland 
Silicones) Nov 87, super-magnesia (Chemical 


& Insulating) May 80 
Interference comparator (Zeiss) June 86 
Irradiation units gamma _ container (Solus- 

Schall) (P) Jan 104, *"Gammacell’ Co-60 units 

(AECL per Watson) May 78, Sept 88 
Joint filler, waterproof (Hydrocor) May 91 


Leak detector: mass spectrometer 700 (Crosby- 
Teletronics) Feb 9%, 24-510 ‘Radiflo’ (CEC) 
Sept 87 

Level control: LR& panels (Elcontrol) Aug 898 
Level indicators: ‘Levelrator’ (Thomas Indus- 


trial) May 89 
Lift truck (Hvster) Dec 9% 
Linear measurement (Reilly) May x 
Liquid metals impurities meter (Bruce Peebles) 

(P) June 8S 
Load moving castors (Autoset) Apr 109 
Lubrication ‘Moly-VI-Bond’ coating (Paul) 

Aug x9 




























































































































Magnesium alloy ‘Magzan 2’ (AEl) July 88 *Electri-Cand’ liquid (Allis-Chalmers) (P) Temper + @ RS 
Magnesium oxide (Semi-Elements) Feb 92, Feb 96 : : Dec 88 on quan ae ‘on Feb % Re 3 
Manometer, vacuum (NGN) June 8&9 Radiation detectors Tensile tester, micro- (TI) eulpyae. May 38 rs 
Mercury, high purity (Johnson Matthey) July 91 (Berthold) Mar 104, (Nuclear Enterprises) Thermobalance *‘Massflow’ (Stanton) Pecu Oct 9 = 
Metal coating: ‘Speedivac’ units em ~ (P) 79, _ Ridge Technical Enterprises) Thermocouples asia 
; : ec 88 une 89, dual-purpose (International Civil raphite, silicon carbide/graphi 
Metal cutter, tungsten-carbide (Hoy) ..Oct 89 Defence Org) Jan 102, pocket (Physikalisch- Feb 86, hot roll (Cambridge) Feb 86 4200°2 
Metal spraying pistol Mk 33 (Metallisation) Technische) Mar 104, PW4015 battery operated limit (Honeywell) Nov 86, joints (West) Jan 106 
. ; ease Nov 87 (Philips) (P) Oct 88, Silicon — Elements) Thermometers : multirange thermistor — 
Milling machine: radioactive materials (Adcock May 91, solid state (Semi-Elements) .... Feb 95 bridge) Feb 86, surface temperature (Pullin) 
& Shipley) (P) a . : Aug 86 Type PNI 1118 gamma (Plessey) (P) Dec 88 Feb 86, ‘Thermodot’ infra-red (West) ..Sep °7 | 
Moisture analyzer Type 4-326 (Consolidated Radiation detectors—counters Thickness gauges: (Ekco) Feb 84, audio (Metal- 
Electrodynamics) F Dec 90 A-500 universal (Hamner) (P) May 89, ‘Amatron’ lisation) (P) May 91, portable ultrasonic 1103 | 
Moisture gauge (N680) (Ekco) .... Feb 84 geiger (Photoelectronics) May 91, amplifier- OD. eae ne eae eco Nov 86 
Moisture indicator (Shaw) Sept 87 analyser 250 (Baird-Atomic) Jan 104, ‘Logic Time meter, elapsed ‘(English Electric) ..Oct &9 
Neutron absorbers (Elektroschmelzwerk Kemp- 801’ (P) (Nuclear Chicago) May 90, N667 scaler Timers: pre-set and elapsed N804 
aa Mar 105 (Ekco) Feb 84, PNI 1091 ionization chamber (Hamner) : be karate a I 
Neutron detectors '(Plessey) (P) Jan 104, PNI (Plessey) Nov 87, SW12 G.M. tube (20th Cen- Timing unit N108 (Dynatron) Ceeeewes pr 109 
1077 series (Plessey) Oct 87, NE421 (Nuclear ON go oh an tela ees eee ee ee Feb 83 Transformers, variable 120W (Philips) . . 10¢ 
Enterprises) ...Aug 89 Radiation detectors—scintillation counters Transistor tester T.T.I. (Advance 
Neutron generators_ (Ericsson) Feb 84, (Panax) Feb 84, BP4 beta OS ,_ aaa Sept 8&7 
NGHIS50 (20th Century) (P) Apr 107, 9500 probe (EMI) Feb 84, 1880 Electrometer (Iso- Transistors: bi-directional (RCA) Jan 106, silicon 
Laan AE nee | o., a- 89, 125 KeV ne Dev.) + mmuneeceel tubes (20th carbide (Westinghouse) ved 106, silicon epi- 
source (Mullard) Feb 84, 10° neutron/s (Ser- entury), ( ) : .Feb 84 ae Apr 109 
vices Electronics R.A.) Feb 85, 10 neutrons Radiation detectors—scintillators Triodes, water-cooled 7835 (RCA f 91 
i I t i , ( ) July 
(20th Century) Feb 84 Nuclear Enterprises (P) Sept 86, GSI glass Tube profilers: 3in-12in (Hancock) (P) July 9% 
Neutron sources: modified Pu-Be units (Nuclear (Nash & Thompson) Feb 84, ‘Liquifor’ (Pilot ‘Tubefile 18’ (General Precision) (P) ..Oct 87 
Materials) .......... .eeee Sept 88 Chemicals) Feb 96, NE 150 plastic phosphate, Tube joints (Access Equipment) ........Apr_ 109 
Nucleonic instruments (Frieseke and Hoepfner) etc (Nuclear Enterprises) Feb 84, reflector paint Tubes resonance bending fatigue machine 
Mar 104, transistorized series } Gracias Enter- (Nuclear Enterprises) .....June 89 (Stewarts & Lloyds) May 81, steel (British 
prises) (P) . ....Nov 86 Radiation monitors Ermeto) June 89, superheater (Tubes Ltd) 
Oscilloscopes cadmium sulphide (AEI) Feb 83, hand and foot ope eae Destine mace teeee naiee a May 8 
CD1014.2 double-beam (Solartron) (P) Apr 107 (Stonebridge) (P) Feb 94, milk_(Plessey) May Tubes flexible; ‘Jetflex’ (Power Flexible Tubing) 
differential double beam (Furzehill) Feb 85, a a (sb) oe ee Feb 83, nuclear Sept 87, ‘Plessiflex’ (Power Auxiliaries) May 78 
general purpose CD1012, single beam CD1015 ships (Tracerlab) June 86, ORNL pocket type Ultrasonic cleaning: LG-3500A ‘Sonogen’ gen- 
(Solartron) Feb 86, high speed 294 (Airmec) (P) Feb 92, PRM pocket type (Numec) (Radia- erator (Branson) Sept 87, transistorized LG-75 
Feb 85, miniature double beam (Solartron) Jan tion Equipment) (P) Sept 86, SMI low activity, (Branson) .... : reese e eter Jan_106 
106, rackmounted double-beam CD1016 (Solar- a ae oe i 83, = ND.2151 Uranium and samarium optical masers (IBM) 
tron) Aug 89, two-channel wide band 321 CEO) CP) Fete SS, BGGE game Cem) Gn icc eet nc serene se vecccvccseesees Apr 106 
(Nagard) Feb 85, wide-band WMI16 (EMI) Oct 89, 1657A etn (P) (Avo) May 90, 2586-S eg ‘carbide (Vitro) .............. May 91 
Senta Jan 106 survey meter (Nuclear-Chicago) (P) ..Apr 109 Jacuum cleaner ‘Vulture’ (Cimex) ....Apr 109 
Du Mont 403B (Aveley) Dec 90 Radiation warning labels (Continental Vacuum gauge: cold cathode wo : 
Oscilloscope cameras: 405 (Langham Thompson), Distributors) . Feb 96 MCtEE) ne eee eens .-Apr 107 
1458 (Cossor) cart Feb 86 Radiation therapy: cobalt-60 ‘Orbitron’ unit Vacuum plant (E. Leybold) . .Mar 105 
Oxygen analyser (Distillers) ‘ d June 89 (AEI) June 86, ‘Syftor’ (AMF) (P) Oct 86 Valve actuators, rotary (English Electric) May 81 
Periscopes (Hensoldt) ‘ Mar 104 Radiography: mobile (Pantak) May 79, portable Valves 
Permanent magnets, Platinex 11 (Johnson X-ray units (Research and Control) (P) Feb air flow (Muntz) May 80, ball (UK Worcester) 
Matthey) Nov 87 95, X-ray image intensifier (Tracerlab) Feb 95. (P) Oct 89, diaphragm miniature (P) Aug 89, 
pH meter, portable (Stevens) (P) June 88 tungsten shielded machine (Panatron) Oct 92 diesel starting (Pyropress) May 80, electro- 
Phase meter 630 (Dawe) Jan 106 Radioisotopes (Radium-Chemie) Mar 105, (US mechanical (IV Pressure Controllers) (P) July 
Pipeline control: Dressler system (Rotax) (P) R Nuclear) do: Lab Feb 83. wt ner oo on ang ON, Genaetiens, (temenen Seater) 
. » 88 atemeter, dose: (Labgear) Feb 8 06 and (P) July . globe, heavy-duty (Crosby) (P) 
Pipes: corrugated (Aiton) May  8l. Each" 207 (Gen. Radiological) Feb 83, 1532A (Avo) June 88, heavy water (P) (Dingler) May 90, 
flexible (Bristol Plastic) (P) .. Nov 87 ; pets . Feb 83 ‘Kernon’ (Harlow) May 81, ‘Newman-Velan 
Planer table, electronic (Kearns) July 91 Reactor period meter (Kirem) ? Mar 104 gate and globe (Newman, Hender) May 81, 
Pneumatic control units 59D, 59R (AEI) Oct 89 Refractory coatings, 2000°C (Corrosion remotely controlled inline (Flight Refuelling) 
Polarograph UKAEA (Nash & Thompson) Ltd) May 89 May 78, $700 range (Martonair) May 80, small 
: . Feb. 86 Reverder ae mere (vem) Sept oH Seve tontation costs ChodGnenea) May Ry Rin 
Potenti — + 20D ay ecorder: multi-point (Honeywell) May 9 60 gunmetal (Simplifix) Oct 89, (Crane) (Copes) 
ee. aoe ae Oe Ae Recorder: potentiometric (Smiths) Oh EE Cee: mR atu 
33-tap MCD (Miles) — ~ Pot 109 Remote handling equipment _ ‘Bascodur’ lined (IV Pressure Controllers) (P) 
[Wettt supply: high voltage N-4050 (He ‘ manipulators (Nuclear Equipment) (P) Feb 94, Dec 89, steam line (Bailey) Dec 90 
June 89, stabilized EVASIA Allied El amner mechanical arms 150 (General Mills) Apr 106, Valves (electronic), water cooled (AEI) ..Apr 109 
e A (Allie “s Mobot Mk II manipulator (Hughes Aircraft) Vibrator, multi- : micro-miniature 
(P) Apr 106, sea water use (General Mills) ern oe Le a eae ne Sail Aug 87 
5-60V (Thompson) Dec 90 
ip ? : ; 86 Voltage stabilizer TS-I (Lyo Dec 90 
Pressure amplifier (Negretti) Jan 106 . . . : : (Pp June 
Pressure measurement: 10-* torr gauge (Mullard) Sell camer "came? ana n (AMF) - May 78 vent 87 (Cubic Cas 302 2R = SeNov 87 
Feb 86 Sample qhenaune: CLabpear) 2014 ane Dev.) Water distillation (Bennis Thermo. a 
a ° y z x A = 
Pressure transducers: (Cambridge), BP2 (Lang- Feb 84, SC-100 ‘Multi-Matic’ (Tracerlab) Ree ee eeerer: May 80 
ham Thompson): (N Electric 35 itori iovi : 
an aos pson): (New ectric) Feb 86, 4-350 { es May 91 Water monitoring (Radiovisor) (P) May 89 
« onsolidated yr yoo .. Sept 87 Scaler, computer (P) (Automation Inc.) . June 89 Water purifier: Mk7 portable ‘Demin- 
a Type 4-326 (Consolidated —- —_ Bar-X° all-metal ring (Aero Controls) —_ (Permutit) ex Ff 
c (P) Nov 86 ater sampler (Elcontrol) Feb 96 
Pressure vessels: band reinforcement (J Seals, mechanical: type ‘DD (Flexibox) (P) Weld inspection: ultrasonic scanner 
Thompson) ...May 78 Sept 86, up to 2000Ibf/in? (Sealol) Oct 88 ‘Sonoray 5’ (Branson) (P) pradernec Aug 88 
. . 8 
Profile polishing machine CFT.40 (Morris) Shielding blocks (Chance Pilkington) May 91 Welding 
ae June 89 Shielding materials: (Frank & Schulte) Mar 105, arc: ‘Port-el-Arc’ (Max Arc) (P) May 90, 
Protective clothing: (Miller Rayner) Apr 109, Boroplast (ICI) June 89 arc: generator (Petbow) Feb 96, arc: semi- 
disposable-fire-resistant (General Scientific awe aa owed — (Jerrold) _ Dec 88 automatic gene ty (P) Jan 104, argonarc 
Equipment) Oct 89, intercommunication ignal level recorder (Bruel & Kjoer) Jan 104 spot welding torch (BOC) Jan 106, electro-slag 
system (Spembly) r 10 Soil density meter (Soil Mechanics) ....Feb 94 ‘Subarc’ (BOC) (P) Oct 86, electrode holder 
Pp » : Agr 109 Spectrograph Polyvac 12 (Hil & Watts) Oct 89 ‘Terrier’ (Interlas) J 89 bital welding head 
ise analyser N-328 (Hz c ac ilger atts) Oc i erlas) June 89, orbital welding hea 
vole acts. ton Pen names) GD Ma Spectrometer, gamma (Ekco) Feb 83 (Palmer Aero) (P) Oct 85, 350A ‘Tec’ spot 
ment) Jul 90 Spectrometer, mass (Atlas-Werke) Mar 104 gun July 91, welder-cutter ‘Double Duty 
A y Spectrometer, plutonium Cintertechnique) Demon’ (P) Oct 87, mnemneedd Exhibition 
we . FRE eet 1s Jan 104 : ..May 81 
(Du Mont) (P) Feb 96, GO 1005 (Solartron) Spectrophotometer, transistorized 115D 
Feb 85, GT10_ three-pulse (Intertechnique) (Labgear) July 91 
©, June 88, M640 (Winston) (P) Apr 108, Spectrophotometers: special "glass 
bat. a Kerr) Feb 85, twin channel (Corning) 4 : ..eee-Feb 96 Q 
a i : es farshall) Feb 85, 1097 (Cossor) Speed changer ‘Vari-Tex’ (Allis Chalmers) Queen Mary College: generalized elect- 
Feb 85, SIO1 (Nagard) Feb 85 Steam trap ‘Mil Thermatic’ (Midland rical machine Nov 88 
Pulse height analysers: 99-channel (Plessev) Feb Industries) Feb 96 Queen’s University, Belfast: Deuce 
85, single channel (Isotope Dev.) Feb 85 Steel, superheater HT9 (Sandvik) Oct 87 digital computer gift July 92 
Pulse polarograph (Southern InStrurnents) (P) Switches: 9001 TP illuminated (Square D) Jan : 
F 9s 106, water-proof microseal (Dowty) June 89 
Pumps ‘Cromwell’ fuse (GEC) Dec. 90, toggle (Dowty) R 
‘Aquair’ rotary vacuum (Drysdale) M 80, : Dec. 90 sos F 
centrifugal 1A8S1 (Girdlestone) wr ior 107 Tape recorder, miniature (Consolidated Radiation: NBS calculation method July 87 
gases and liquids (Hofer) Mar 105, ‘H’ type —— May 88 Radiation detectors 
: on = * ‘ elevision. ; automatic counting vehicle (Baird- 
oom hana a iM ll \ pee —, 30. high closed-circuit camera (EMI) June 89, closed Atomic) Jan 102 
as wna oe » High pressure circuit recording unit TF 1323A (Marconi) Aug criticality protection of chemical 
piston ‘Vardel’ (Dowty) Mav 80, hydraulic ( 3.3 . 
S67 Gilcheon> Maw 98. temas : ae a 89, MW13-38 tube (Mullard) July 91, stereo plants (D. K. Cartwright and M. J. 
evens GP) tee EF. © Pn o6. ee C (Stereotronics) June 88, ‘Tele-Eye’ system Todd) . Oct 79-82 
Mav “an eee a e ee er (Grundig) ...Mar 104 Development of a beta-ray particle 
. otengar > ay ww, piston colour projector (Marconi) Dec 90, projection size analyser (Report NYO 2655) Feb 88 
(Walbersdorf) (P) May 105, positive displace- he aoe aetietes a > ‘al ; . 
ment ‘Supaversal’ (Neumo) Jan 106, power . tubes a nglish ne -- see DO Effects of variations in the ambient 
aeson A 4 0) Ja » powe emperature contro air on dosemeters (NPL report) Jan 100 
aoe a Bacay A — met pulseless axial automatic pyrometer (Atomics International) mobile radiation laboratory (Frieseke 
ao , (Bden ay 5v, eciprotor vacuum (P) July 88, mercury-in-steel (British Rototherm) & Hoepfner) (P) : Mar 95 
a or Aug 89, rotary vacuum Nov 87, saturable reactor (CNS Instruments) The identification of beta-emitting 
iN) Oct 8 . sealed (KSB) (P) Mar 105, Feb 86, TM thermostat (Satchwell) June 89 isotopes by liquid scintillation count- 
self-priming UPL, UHI (British Labour) May Type 3556 indicating unit (Foster) Dec 90 ing (report AERE R 3605) : July 89 
80. verticle centrifugal ‘Dolphin’ (Hamworthv) Temperature trip amplifier AT840 Low energy beta probe (Report ’ 
May 80 (Ultra) (P) Apr 108 AERE M771) oWe veeeee Feb 88 
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progress in nucleonic instrumentation 

T eS ) Ree ... Jan 77-9 
reading gamma ‘ dose- ‘rate 

etc. (Report AERE R 3532) ....May 93 


Rad n Dynamics: equipment for new Paris 
Tokyo irradiation service centres ..Oct 92 

Ra fuel gauge for aircraft 
(A re Sept 88 

Rad n alth and safety qualifica- 
City and Guilds examination Sept 83 

Rad iboratory — Brookhaven, 
n curies Co-60 source material Nov 90 
Ra level: District gamma radiation survey 


ind AERE Harwell, 1958 & 1959 (Report 
“2 ee ey eer te June 80 


Radiation safety regulations (Letters) ....June 49 
Radioactive waste disposal 

USAEC ee Apr 104 

" poms GLARED o...cccccecers Nov 64 





ce jevelopments in the processing and 
ltimat disposal of high-level radioactive 
waste (USAEC Paper) ... ; .Aug 84 
Solidification of radioactive ‘liquid "waste by 
pot calcination (Report ORNL- 60-8-89) July 89 
Radioisotope laboratory design Leees — 26) 


aeaden -Dec 86 

Radioisotope load/ unload flask, “BEPO ....Dec 62 
Radioisotopes 

Re eee June 87 

Pramce: 1900 GpOete «ow oc ciccc cewccies Dec 92 


German imports .. ee Or er Dec 92 

Isotope Review Aug 92, Sept 88, Oct 92, 
Nov 90, Dec 92 

multi-source container (S. Africa 

Bureau of Standards) (P) aetna’ Apr 105 

production from USAEC underground 


BORED ks 6 20.0 0.66 0:6 60 0:6 00 08.010 6060.0 66 000065 ec 64 
production in reactors (R. West) ....Feb “60-2 
production in special laboratories 

i MEE vbiweradwevserset tuseees eb 63-5 
OR errr are se Si 

Radioisotope s—applications 

article (Igguiden, D.) .............. Feb 66-7 
Application of intrinsic radiotracers 

to the control of an iron beeen 

process (BMI paper) ; -Oct 83 
SW caesium-137 generator “Royal ‘Research 
Corp) er .Dec 92 
industry neglects (S. “Hollands) ........Feb 68 
leak in buried heating system .. Dec 92 
mining application (NCB) ........... Feb 92 
pipeline inspection ce.  . 
powered weather station (Martin) 

SD a icx nce aeaaannksauaeeied Le ll 
thickness measurement: USSR : May 88 


tracer use for silt flow ......Feb 57, Apr 73 
tritium tagging for underground lake ..Oct 92 
use by industry (Editorial) .... .Feb 51 
Uses of neutron activation analysis 
in chemical process control (A & 
M College of Texas paper) .... ...Oct 83 
applications: USSR ...June 83 
cm Se —— devel- 
CED. 2.0050 


Reactors—General 
black void reactor concept ...... ....Nov 64 
Comparison of methods of measuring 


k excess (GEC paper) Apr Ill 
Effect of temperature on xenon in- 

stability (BNL paper) .............. ..Feb 89 
Kinetic studies of heterogenous water 

reactors (Report RWD-RL-190) .Nov 85 
Plutonium Recycle Reactor fuel sched- 

uling (GEC paper) weaet Feb 89 
Power noise transfer function of a 

reactor (Report NAA-SR-4197) .. Apr 111 
progress in reactor engineering (R.F. 

Guard) ee : Jan 74-77 
reactor fortunes (Editorial) ............ Jan 55 
reactor safety (J. F. Croft) .. ....Aug 76-9 
reactor shut-down device (Atomics 

International) (P) . , Jan 102 
solution of reactor dynamic equa-_ 

tions (W. A. Havranek and T. M. 

RRS SS Sapcteei Sept Feb 77-80 
spectral shift reactor contract (Babcock 

REAR ee eee: pt 90 
Economics of ‘spectral shift ‘control 

(B & W paper) RIES: a Mar 110 
Thermionic reactor systems (General 

Atomic’s paper) .Feb 89 
ultrasonics to increase heat transfer in 

wiih Se, .Feb 57 
World reactors—chart ............. ....Jan 70 
zirconium hydride moderator studies 

PED hinc.ccdudhduwcencet ae far 94 
Reactors—Power and Experimental 
Feasibility of an unattended nuclear 

power plant (Report ORNL-2985) ......Feb 89 

he economics of small power 

reactors (Shell report AS5-61) .... June 80 
BOILING WATER REACTORS 


An integrated radioactive water purification and 


cooling system for boiling water reactors 
(Allis-Chalmers report 43R 9991) Sept 82 
The technical and economic status of central 
station boiling water reactors (GEC paper) 
= ae ; ocose eae &2 

Berlin power reactor study (BEWAG, 
Westinghouse) -Aug 55 
BONUS: containment building ready Sept 58, fuel 
ordered ‘ -Nov 60 
Danish 210 MW dual cycle study -Nov 57 


NUCLEAR POWER INDEX, 








December 





Dresden: modifications Nov 62, control rod 
failure Jan 60, May 58, limited operation 
INN ina sic b and 4nsieascacrene erste une 58 

Elk River: pressure vessel cracks ........ Sept 58 

Humboldt Bay started .................. June 59 

Humbolt Bay pressure vessel (P) ........ Dec 57 

Italian BWR study by Mitchell for 
PRIOR i a ee June 54 


Italian and Euratom 25MW BWR Sept 60 
Kahl nuclear power station (H 

Bruchner) Mar 67-70 
Kahl: control rods (Letters) July 49, heat ex- 


changer oe Mar 93, power 

up Aug 56, progress oc ge 72 
Pathfinder pressure vessel (P) .Aug 86 
Pathfinder fuel transfer system (P) ...... Dec 63 
325MW plant for Bodega Bay .......... Aug 56 
Reactor operating aspects of the kinetic 

experiment water boiler (KEWB) 

program (A.I. paper) ...Oct 83 
Vallecitos design — Sept | 57, ‘permission to 

build ..... Sept 59 
FAST REACTORS 
Dounreay, new core (P) Feb 53, entrainment 

er ©. June 54 

tests scheduled ... ..Dec 57 
Enrico Fermi completion date Sent 59 
Enrico Fermi: graphite problems Dec 63 
Evaluation of mercury cooled fast 

breeder reactors (Report ATL-505) ....Feb 89 
German fast breeder design studies ......Nov 54 
LAMPRE I critical aa cide: acer ara Ge 
the NDA steam cooled fast reactor 

concept PE er rer Oct 75 
Rapsodie: core model Dec 62, paper presented 

to IAEA symposium ... : Dec 56 
Studies of two fast reactor critical 

assemblies based on meltdown con- 

figurations (ANL paper) Apr lll 
GAS-COOLED REACTORS 
axial flug instability (R. I. Vaughan 

and W. J. Pickering) ... Apr 97-100 
enrichment for magnox reactors? Nov 62 
Possibility of irradiation induced trans- 

portation of carbon in helium 

(Report AERE R 3262) .........eces. Jan 100 
AGR refuelling (J. S. Burkett) .. May 75-7 
AGR: burst cartridge detection (D. 

Iggulden) .May 71-3 


AGR: bervilium difficulties Aug ‘53, CEGB pro- 
posal Nov 53, containment building tested Sept 
55, delay June 55, pressure vessel tested Sept 55 

Berkeley and Bradwell: fuel loading Aug 54. 
critical (P) .... : .. Sept 53, Oct 59-61 

Berkelev: (P) Mar 54, Aug 53 

Bradwell: (P) Apr 69, July 53, charge pans 
(Head Wrightson) (P) Jan 101, control rod 
modification Nov 62, criticality (Letters) Nov 49 

Calder Hall (articles) 
fifth anniversary (Editorial) Nov 51, contribu- 
tion of Calder Hall and Chapelcross to the 
civil programme (D. R. Fair and T. 
Marsham) Nov 65-74, safety aspects of Calder 
Hall reactor operation (E. L. Desbrulais) Nov 
75-8, selecting a fuel cycle for magnox re- 
actors (N. Franklin et al) Nov 79-83, 

; een Ure Dec 77-9 

Calder: experience Mar 53, on-load refuelling 
tested Sept 54, Calder simulator (P) Nov 62, 88 

Dungeness (articles) 
novel design features (R. D. Vaughan) Apr 
76-9, development of graphite core (S. B. D. 
Fletcher) Apr 79-81, burst cartridge detection 
system (J. O. Joss) Apr 81, gas blowers and 
drives (J. Armor) Apr 83-4, steam cycle (N 
Brearley) Apr 85-8, design and construction of 
steam generators (W. Hryniszak) Apr 89-92, 
coloured cutaway perspective drawing Apr 90, 
civil engineering (A. H. Brown) Apr 92-4, 
construction programme (E. G. W. Povey) 
Apr 94-6, contractors Apr 96 

Dungeness: (P) Apr 70, July 53, Sept 54, Nov 53 

Dungeness boilers: stress- relieving 
furnace (P) ” re 

EDF-1 ; pressure vessel crack Mar 106, to take 


part in Italian SELNI project Jan 58 
EDF-3 concrete pressure vessel ..Mar 54, em 53 
EGCR: graphite columns (P) .. ...Nov 63 
EL-4 progress (French AEC annual 


report) : vovewtae De 
HPR—a 60 MW _ natural uranium 
nuclear power station (R. E. Strick- 
land & T. J. Fowler) ........ Aug 84 
Hinkley Point: core changes complete (P) _ oe 
54, pressure vessels tested Mar 55, progress 
Ry ee Orr ne ey Oct 55 
Hunterston: fuel elements and pressure vessel 
stress relieved (P) June 56, Sept 53, fuel 
machine (P) Apr 105, progress Mar 54, stress 
relieving pressure vessels (P) : Nov 64 
Latina: AEA supply fuel Nov 61 
ML-1: critical May 56, pre-start up tests June 60 
Sizewell (articles) 
design optimization (H. S. Arms) Aug 61-5, 
control and instrumentation (D. Moore) Aug 
65-9, civil and mechanical design aspects (J. D. 
McKean and N. O. E. Lakin) Aug 69-72, gas 
circuits and boilers (T. B. Webb) Aug 72-6, 
conventional plant design (C. Bottrell and J. 
Caldwell) Aug 76-81, contractors Aug 81, 
coloured cut-away perspective drawing Aug 74 
Sizewell: design details Jan 95-6, work starts 
(<naewe .. June 56 
.Dec 59 


Sizewell progress (P) iets 
(Letters) Sept 49, 


Tokai Mura: test plates 


1961 





French graphite June 56, delay ........ Nov 58 
Trawsfynydd: (P) June 53, Aug 54, control rod 
generators (Bruce Peebles) Feb 92, graphite 
blocks lifted (Matterson) May 88, temperature 
scanning (Blackburn) ..........0.0+-see: Jan 102 


HEAVY WATER REACTORS 


CANDU power costs ........ secvces oF 
Halden: fuel elements delivered ........ Dec 55 
RRR ee ae Aug 58 
The Siemens 50 MW _ Multi-purpose 

Reactor design (A. Ziegler) .......... Mar 71-4 
Siemens 50 MW reactor to be built ....Aug 55 
Steam generating heavy water reactor, 

UK = a angen w a '-aterstetmionsiereicleioa ug 59 


HIGH TEMPERATURE GAS-COOLED 
REACTORS 
Brown Boveri-Krupp reactor’s special 


features (O. Machnig et al) .......... Mar 63-6 
Dragon: instrumentation contract Sept 90, 
~ 2. eae eee = 53 
I SIDS fn. ciy okie aiwvnlansaniatsin te Dec 57 


HTGCR: General Dynamics simulator (P) July 8&8 
300-500 MW General Dynamics pro- 


REEDED TE DERE LEI Jan 59 
US Turret experiment dropped Apr ia re- 
instated ; (staneseesewalesee July 56 
continues aS UHTREX ....-.-.--scceeees Dec 58 


ORGANIC MODERATED REACTORS 
Direct cycle diphenyl reactor ere July 86 


OMR design study (AI for KB 
Germany) TT OE eRe, June 55 
Euratom ESSOR contract ............... Dec 55 


PRESSURIZED WATER REACTORS 


Chooz: bids Mar 106, contract signed Nov 54 
Indian Point: core tested Sept 59, critical July 
57, pressure vessel design ...........- ug 
pL-3 Antarctic plant to be built ........ Nov 60 

Saxton 5 MW reactor facility start-up 
I ie a RRS Sept 58 
Shippingport ‘blanket: 12,400 MWd/t 
exposure Feb 57 
Yankee: produces power Feb 57, costs reduced 
Aug 56, 500h test programme ... .June 59 
SODIUM COOLED REACTORS 
Hallam: pressure vessel (P) ..... July 57 


An integrated turbine-reactor control 

system for the SRE (Report AI-6121) ..June 80 
ee Ra re Nov 54 
360MWe Atomics International ‘proposal . .Dec 60 


Reactors—Research, Testing, Training 
Advanced Test Reactor contract (Fluor) ..Dec 59 
AMF 1IMW pool reactor operating at 

Buffalo University .. 
ANL Basic Radiation Effects Reactor .. Aug 75 


ee eer May 56 
BR-2: (P) July 56, critical ..............A@ 53 
BR-3: fuel (P) ...Nov 60 
DRI: some boiling phenomena “(Risé 

eS EE Dec 86 


Dido: new core raises power level .. Jan 58 


Fast Burst Reactor start-up ............ Feb 59 
Fast reactor studies at Aldermaston: 

es ree .Mar 53, Apr 74 
Ford Reactor, Michigan : joint ee Nov 94 
FR-2, Karlsruhe: building (P) Mar 95, critica? 

May 56, graphite delivered ... eb 
FR Merlin, Garching: Demag crane ‘Mar 93, 

commissioned . ; -Nov 57 
GE 3 MW pool reactor, Rhode — 

ee ..Apr 72, June 59 
Hector pressure WOMEN, oon wacenseat Dec 63 
Hero’s_ reactor vessel (Ashmore, 

Ronson, Pease) GP). ...cccccsccss ..May 88 
High Flux Isotope Reactor, ORNL . ..Dec 69 
Jason operating experience—2 (J. C. 

Bolton and M. G. Tennet) ..........Jan 89-91 
Jason: power record Mar 53, future disposa? 

EE PES. Sept 53 
Jason for Royal Naval sacane Green- 

wich Caiieiows seeree ov 61 
yrk-2: (P) Feb 58, progress | isaac ee 6h 
JRR-3: 2nd fuel load ordered . 2 ...Oct 57 
Juggernaut reactor: design details ........ Feb 81 
Merlin: research programme .......... June 86 
Pn OE 355 oo. coc autekaiawemaieaten June 56 
NBS High Flux Reactor design .. ...Nov 84 


Nestor operates at Winfrith Apr 68, May 53 
NORA zero energy assembly, Norway (P) ..Jan 57 
ORNL 100 MW High Flux Isotope 


Reactor contract to Allis-Chalmers ....Sept 58 
PEGGY completed at Saclay .. «eae Se 
Portable medium reactor No. I (PM-1) 

zero power experimental studies 

(Martin: Co paper) ........... ...Sept 82 
progress in USA educational establish- 

ments ..June 92 
Savannah River D0 Components Test 

Reactor pressure vessel . cow ge 37 
The Scandia Pulsed Reactor Facility 

(SPRF) (Report SCR-229) ............ Nov 85 
Siemens Argonaut: for Graz University 

Mov 54, Tor Marlerdne ....600..sccces Jan 58 
Gitesk Bok GHONED 4...5 «nscccn es csscesacd Jan 57 
The Siloé reactor: design details ........May 74 


Triga: Casaccia’s RC-1 modifications June 56 
Triga: for Mainz University Jan 59, Minas 
Gerais University, critical .......... eb. 59 
250 MWt atr: Babcock & Wilcox sub- 
NONI «7. inc sgn e olan waetnae'o Jan @& 
UK procedure for ‘university reactors ....Jan 99 








Ulysse 100 kW reactor completed at 
Saclay Mar 53 
university reactors: (Letters) Jan 53, Sept 60, 
UK Government decision Feb 54, agree to 
three reactors June 56, delay Aug 55, grants 


suspended Sept 55 
water moderated reactor for Kinki 

Un.. Japan Jan 60 
Western Germany research reactors 

(table) Mar 61 
Westinghouse 60 MWt pwr test reactor 

under repair Sept 57 
Wyoming Un. L-77 reactor close down 

instruction June 58 


Remote-handling and analytical techniques used 
in the processing of samples from HTGC loop 


irradiations (Report AERE R 3252) July 89 
Remote handling: Windscale contract 

(GEC) Sept 90 
Rensselaer Polytechnic Institute: glass 

fibre fuel elements May 8&8 
Research pattern, UK (Editorial) Oct 53 
Richardsons Westgarth Engineering 


Exhibition May 78 
Royal Navy Nuclear School & 

laboratory Feb 54 
Rumania: nuclear activities 1960 Jan 64, indus- 

trial use of isotopes Aug 92 


Ss 


Safety circuits, reactor (U. Broccardo) 
June 67-9, July 81-5, Oct 76-7 


Sandvik: new research laboratories Sept 90 
Shell Research Centre: electronic trace reader 
(P) June 86, periphery camera Sept 85 
Short Bros: Calder simulator May 78 
Siemens solid homogeneous training reactor 
Dec 55 


Sigri-Kohlefabrikate: graphite production Mar 92 

Silicon nitride under test (Union Carbide) Apr 104 

Simmering-Graz-Pauker Engineering 
Exhibition May 78 


Sintering furnace for actinides (Spembly) Dec 64 
Smith & Nephew Ass Coys. Ltd: Van 

de Graaff used for sterilization of 

products Oct 92 


Franco- 
finance Mar 103 
Zirconium 


Societé d'Energie Nucléaire 
Belge des Ardennes (SENA) 
Société Industrielle du 
formed Mar 103 
Solartron: £84,000 contract with USSR Apr 114 
South Africa 
nuclear activities 1960 Jan 70, exports of 
nuclear materials Feb 56, Potchefstroom Un. 
accelerator Feb 57, nuclear power report Sept 
59, research institute June 57, Southern 
Universities nuclear institute July 92, uranium 
oxide sales Feb 58, uranium pilot plant May 56 


South America: nuclear activities 1960 Jan 66 
South America: nuclear prospects Dec 60 
Spain 
nuclear activities 1960 Jan 64, W. Germany 
delegation Jan 58, 250 MW Station 
a Mar 53, June 54 
Specialization in university training Sept 83 
Spembly automatic loading sintered 
pellets (P) ‘ Aug 87 
Stainless steel: stress corrosion cracking July 79 


Steam corrosion testing Sulzer (F 
Muller) May 68-70 
Steam-water flow: Flow conditions and pressure 
drop of steam-water mixtures at high pressures 


in heated and unheated tubes (IMechE 

paper) June 80 
Steels for reactor pressure circuits, 

BNEC Symposium, Nov 1960 (G. E 

Darwin) Jan 93-4 
Sterilization accelerator used for 

pharmaceutical products Oct 92 


Strontium-90: 40,000 curie source for Antarctic 
weather station Oct 92, Hanford shipments 


2 Nov 90 
Sub-critical assemblies May 92 
Sub-critical assemblies Nuclear test 

gauge (GEC paper) Apr Ill 


Sweden 
AB Atomenergi reports May 54, Sept 55, Asea’s 
2nd nuclear laboratory started Feb 53, pwr 
decision delayed Feb 55, Dj) reactor concept 
May 54, DX mtr project abandoned May 54, 
D,;0 pwr ‘Bashful’ project Aug 56, Marviken 
nuclear power station controversy Sept 58, 
plasma experiments Oct 55. r-4 report Sept 55, 
Stockholm isotope technical laboratory Mar 55 
uranium plant closes Oct 56 

Switzerland 
nuclear activities 1960 Jan 64, Emse Werke AG 
starts heavy water production Jan 59, Lucens 
station: hold up May 56, completion date July 


53. NGA new grouping June 54 
Taiwan: nuclear activities 1960 Jan 70 
Telektror Berkeley fuel discharge 

mechanism May 78 


Temperature measurement 
Availability of atomic oscillator strengths for 
application to studies of high-temperature 
plasmas and = atomic structure (Southern 
Missionary College paper) Aug 85 
Determination of gas temperatures using beta- 
ray gauges or electron beam probes (Ontario 
Research Foundation paper) Aug 85 


Heat flux probe for dynamic measurements in 
high temperature gases (University of Minne- 


sota report) Nov 85 
photo-electric pyrometer (Australian SIRO) 
Jan 102 


Use of pneumatic probes in gas-cooled reactors 
(Allis-Chalmers and Marquardt paper) . Feb 89 
Thailand: nuclear activities Jan 70 
Thermocouples 
Calculated radiation induced change in thermo- 
couple composition (ORNL paper) Aug 85 
Effect of cold working upon thermo-elements 
(Leeds & Northrup paper) Aug 85 
Effects of nuclear radiation on thermocouples 
(ORNL paper) Aug 85 


Fibro platinum for thermocouple elements 


(Engelhard paper) Aug 85 
high temperature thermocouples (Morganite Re- 
search and Development Ltd) June 70 
Measurement of high temperature emf charac- 
teristics ; I emf instability; Il emf scatter 
(Honeywell papers) Aug 85 
new welding process (Spembly) Aug 87 


Operations of thermocouples under conditions 
of high temperature and nuclear radiation 
(Marquardt paper) Aug 84 
Platinel-——-A_ noble metal thermocouple (Engel- 


hard paper) May 93 
retractable thermocouples (UKAEA, Risley) 
Aug 87 


Some experiences .with  noble-metal metal 
sheathed thermocouples (Report UCRL-6325) 


Aug 84 
Thermocouple research to 1000°C, 1957-1959 
(Report ORNL-2773) July 89 
Thermocouples for measurement of the surface 
temperature of nuclear fuel elements (ORNL 


paper) saelaes Aug 85 

Thermocouples for 5000°F using rhenium alloys 

(GEC paper) June 80 
Thickness gauges: radioisotope applica- 

tions: USSR wees May 88 
Thorium fuel for Bwr’s ........-... Oct 85 
Thorium/uranium fuel for ‘Suspop’ ... Nov 62 


Trace reader, electronic (Shell Research) June 86 
Tracerlab: Hanford Production Reactor 


monitoring order hE eS Nov 94 
Translations: international pool ‘Trans- 

atom’ Ee May 92 
Transmission lines: Thames crossing 

(Blaw Knox and BICC) .. Feb 92 
Tube Investments: research and de- 

velopment expansion Dec 94 
Tube Products Ltd: Dungeness finned 

steel tube order eee Aug 94 
Turkey: nuclear activities 1960 Jan 70 

U 


Ultra Electronics: magnetic amplifiers 


for Hinkley oe ys . Jan 108 
Union Carbide: developing _ silicon 
nitride Apr 104 


United Arab Republic: nuclear activities 1960 
Jan 70, Inchass reactor: inaugurated Sept 57, 
full power Nov 58, Norway agreement Feb 54 

United Kingdom 

Association of Scientific Workers fuel policy 

Jan 59, Belfast Reactor Committee Nov 54, 

Bradwell cost June 55, cheaper gas Nov 55, 

Common Market Sept 53, concrete pressure 

vessels for Oldbury and Wylfa Jan 57, Electric 

Power Convention July 53, export controls 

Oct 55, Foratom industry disagrees Apr 69, 

Ionizing Radiations Regs. Sept 53, Oct 56, 

Nuclear Energy Standards Committee Apr 69, 

nuclear activities 1960 Jan 64, Oldbury tenders 

July 53, Aug 53, Nov 53, Parliament looks at 

nuclear power Mar 54, Pakistan agreement Nov 

58, research centre talks Aug 54, Sizewell 

supergrid line June 55, Soviet visit June 54, 

Aug 55, uranium—Scottish survey June 56, 

May 56, USSR agreement July 54, Wylfa Head 

public enquiry May 54, June 54 

KAEA 


accounts 1960 July 94, annual report 1960-61 
Aug 59, Calder /Chapelcross outnut up June 56, 
Canadian uranium talks May 55, June 56, Nov 
58, Dragon fuel provision Sept 56, Euratom- 
UK experts meet Jan 58, fast reactor roundup 
Oct 56, fuel sales rise Aug 56, information 
(Editorial) Apr 67, Latina fuel agreement Oct 

new Reactor Group Mar 53, staff changes 


Nov 53, USSR visited Nov 53, uranium 
agreements Mar 54 
UKAEA—Aldermaston 
new plasma project Mar 54 


VERA fast reactor assembly 
UKAEA—Amersham 
beryllium-7 and Diodine 1-131 production Aug 92 


Mar 53, Apr 74 


carbon-14 labelled carbohydrates Sept 88 

incident os .. Oct 56 

new isotopes arsenic-74, cobalt-57, 
strontium-85, iridium-192 Dec 92 


processing facilities 
UKAEA—Harwell 
progress survey (J. S. Burkett) Aug 66-8 
Nimrod synchrotron delayed Jan 57, (P) July 55 
Nimrod ion gun success Oct 56 
United States 
nuclear activities 1960 Jan 67, Antarctic 1MW 
plant bid Aug 56, Bwr 300MW prototype de- 
cision Feb 58, Consumers Bwr research pro- 
gramme develops May 57, gas cooled heavy 
water project dropped July 57, Hanford’s New 
Production Reactor may deliver power Feb 57, 


.. July 54 


NUCLEAR 


May 58, project rejected Aug 58, Sept 58, ct 
57, Hanford graphite order Oct 57, Hanfo: i's 
radiation sources production target Aug 2, 
Hanford’s waste disposal Apr 104, Los Ang: es 
withdraws from SOMW _ Intermediate Cy le 
BWR project Mar 56, nuclear firms in Eurc ve 
(S. Hollands) June 78-9, omR SOMW protot. ne 
proposal Feb 58, Apr 74, July 57, 132 utili es 
in nuclear power Feb 56, 60MW Plum Bro 5k 
Test Reactor hearing Feb 56, provisio: al 
license June 60, process heat reactor pro; ct 
Aug 56, small pwr plans abandoned Apr | 4, 
Southern California Edison / Westingho se 
375MW Pwr proposals June 57, Oct 57, spat 
fuel elements: shipment procedures Nov ), 
subsidies July 56, uranium charges reduced 
July 57, Aug 57, enriched uranium availability 
Nov 60, US Congressional hearings Apr 72, 
US Army floating nuclear power plant con- 
tracts Sept 59, US-Euratom Act amended 
— ct 57 
USAEC 
annual report 1960 Mar 56, 1962 budget Mor 
56, May 57, cost manual June 59, intern)! 
organization changes Sept 58, reactor oper 
tions survey Nov 59, regulatory programr 


revised : .. June >8 
fuel grants Dec 58 
USSR 


nuclear activities 1960 Jan 65, assistance to 11 
countries May 56, breeder agreement with India 
Nov 59, central Asia nuclear research centre 
June 57, co-ordination of scientific research 
June 56, electrical network with Finland Apr 
73, Emelyanov exclusive interview July 55, fa 
neutron pulse reactor at Dubna (P) Aug 57 
fast reactor programme Oct 56, France: 
operation May 56, fusion Feb 55, Indonesia aid 
Apr 74, Iraq aid July 55, Japan agreemen 
Aug 56, more nuclear powered ships Aug 56 
Pakistan aid Aug 57, power growth 1954-9 
Sept 59, reactors in the Soviet Union (V 
Emelyanov) Feb 75-6, UK visits June 54, Aug 
55, UK agreement July 54, UK _ supplies 
gamma _ thickness gauges July 94, UKAEA 
scientists visit Nov 53, Vorofiezh 420 MW pwr 
steam turbine completed Feb 59, Apr 72 July 57 


Bpr-5 (IAEA symposium) Dec 56 
United Power Co formed Mar 103 
Uranium 


civil demand 1975 eh a ..Nov 60 
Pretreatment with hydrazine prior to _ the 
uranium cycle of a TBP process (Report AERE 
a ee June 80 
steel corrosion resistance improved Aug 86 
USAEC prices: reduced ..July 57, Aug 57, 60 
Uranium production (See also Australia, Canada) 
Mary Kathleen Uranium Ltd profits July 94, 
South African agreement ...,...... .Mar 106 
Uranium carbide: Atomics 
national order .... a. 2 .. June 87 
Uranium carbide for reactors symposium June 58 
Uranium carbide meeting, ORNL, Dec 


1960 (Report TID 7603) Sept 82 
v 
Valves: butterfly, for Dungeness (Boving) Apr 105 
Valves: fluid control, Capenhurst Apr 106 
Vietnam: nuclear activities 1960 an 70 
Vitro-Pechiney agreement Mar 103 
w 
Water corrosion testing: Sulzer (F 
Muller) ws May 68-70 
Weld inspection at Hunterston 
(Pantak) (P) Apr 105 
Welding and non-destructive testing 
equipment survey Sept 70-4 
Welding: electroslag, for Dungeness boilers (P) 
Dec 62 


Welding: new developments (R. G. Burt) Oct 62-5 
Welding: processes (Students) .. Oct 90 
Welding reactor vessel and heat ex- 


changers (F. S. Dickinson) Oct 66-9 
Welding: stud, for Hunterston Dec 63 
Welding tantalum (Shell) F Nov 62 
West, Allen: electrical research 

laboratories ........ June 85 


Westinghouse: EGCR fuel element contract July 
94, Japanese materials testing contract June 87, 
lightweight nuclear generator June 57, super- 


conducting magnet development Nov 62 

Japan licence agreement Dec 94 
Winston Electronics: beryllium monitor 

orders Jan 108 


Y 


Yugoslavia 
nuclear activities 1960 Jan 66, Triga: for Josef 
Stefan Institute Feb 53, IAEA aid requested 
May 56, Nov 57, Italian OmR co-operation 


June 55 

Yugoslavia: two training reactors Dec 57 
Zz 

Zircaloy-2 pressure tubes creep—I, longitudinal 

direction (Report AECL-1289) Nov 85 


Zirconium: water and steam corrosion 


(F. Muller) May 68-70 
Zirconium: hafnium separation (NBS) Aug 87 
POWER INDEX, December 1961 








"STANTON sno STAVELEY 


PIPES ARE USED IN NUGLEAR AND CONVENTIONAL 
POWER STATIONS AND IN OIL REFINERIES 
THROUGHOUT THE WORLD 













SPUN IRON PIPES 


for water, gas or sewage 


SPUN CONCRETE PIPES 


including specially strengthened spun concrete pipes 





for circulating water, sewage or drainage 


PRESTRESSED CONCRETE PRESSURE PIPES 


for water services 


FLANGED SPUN IRON PIPES 


for oil handling and many industrial purposes 


THICK WALL SPUN IRON PIPES 


for ash and dust disposal mains 


The largest suppliers of Cast Iron and Concrete Pipes in Great Britain 


STANTON AND STAVELEY SALES LIMITED NEAR NOTTINGHAM 
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Fewer components... 








ERICSSON TELEPHONES LIMITED - 


greater reliability 








HEAD OFFICE 


Reliability is not the easiest of terms to define— someone 
else’s definition inevitably takes no account of your own 
requirements. Yet on one thing all agree, there are only 
two ways to get greater circuit reliability, one is to choose 
only the best components and the other to reduce the num- 
bers used. Here difficulties arise for although there are many 
excellent component alternatives it is only rarely that there 
becomes available a device which will, without sacrificing 
performance, allow big component saving. 

Trochotron Beam Switching Tubes are such devices. 

With the 28V VS.10.K, the Ericsson range has been further 
extended to give Trochotron reliability at low voltage work- 
ing and here again component saving is remarkable. For 
instance, in conventional transistorized decade counters with 
visual readout, transistors and diodes may number about 90, 
whereas using the VS.10.K Trochotron this total is reduced 
by about ninety percent. 

If, therefore you are concerned with counting, frequency 
dividing, timing, programming, gating etc., make sure you get 
greater reliability with fewer components by using Ericsson 
Trochotron Beam Switching Tubes. 


28 V 
TROGHOTRON 


VS 10 K 


DORIIOE cccitccsicncesssoncsscereractossseses 6.3V 
Max. spade to cathode voltage 

Min. spade to cathode voltage 

Target current............... 2.0 mA nom. 
Counting speed 


The whole range of Trochotrons is being colour coded for ease 
of identification. VS.10.G-Red. VS.10.H-Yellow. VS.I0.K-Green. 


For booklet and leaflets please write to:- 


22 LINCOLN’S INN FIELDS LONDON W.C.2 


ER.I1 





